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ENERGY STORAGE FI NANCI NG SUWM T
SEPTEMBER 22, 2020
Day 1
--000- -

MR. CHAUDHRY: We should get started. Good
nor ni ng everyone, or for those on the East Coast, good
afternoon everyone. | am Rohit Chaudhry.

On behalf of Kirkland & Ellis, I"'mexcited to
wel conre all of you to the 2020 U. S. DOE Energy Storage
Financing Summt. These are unusual tinmes and I w sh we
were all together in the sanme room but we are
nonet hel ess delighted to hold the first ever virtual
addition for this conference. | am happy the Kirkland
team can partner with all of you

| would like to thank Richard Baxter for
coordinating this event. It really wouldn't be possible
to do it wthout his seem ngly boundl ess energy. This
is the third tinme Kirkland has col | aborated with Ri chard
on this event and the seventh or eighth tinme that our
own Bob Fl ei shman has done so.

At Kirkland, | |lead our energy and
i nfrastructure debt finance practice, which along with
our M&A and regul atory groups, advises on billions of

dollars in energy and infrastructure deals every year.
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Over the last few years we have seen a bigger and bi gger

focus on storage deals. The policy environnment is
becom ng increasingly friendly to storage (inaudible),
and we continue to see infrastructure funds, private
equity funds, and other investors using energy storage.

Based on Wod Mackenzie's power and renewabl es
@B 2020 report, we know the storage depl oynents continue
to charge ahead despite the nassive destruction of
Covl D- 19

Over the first quarter of 2020 saw a
23 percent quarter-over-quarter decrease in U S. storage
depl oynents. The second quarter of 2020 saw a
28 percent quarter-over-quarter increase, and a
72 percent year-over-year increase. The second quarter
saw nearly 170 negawatts of total depl oynents.

And the growh storage in 2020, so far, has
shown conplinentary contribution fromfront-of-the-neter
and behi nd-t he-neter depl oynents.

The big growth driver in the second quarter
was front-of-the-nmeter segnent, which experienced a
nmegawatt i ncrease of 400 percent quarter-over-quarter
and 5X year-over-year.

But in the first quarter, it was
behi nd-t he-neter segnent reboosted the storage market.

When the U. S. market saw an overall decrease in the
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first quarter, behind-the-neter deploynents continued to

face with the residential side experiencing its fourth
consecutive record quarter and the nonresidential side
boasting its third strongest quarter ever. On the
residential segnent held onto the nonentum and recorded
it's fifth straight record quarter in this year

The COVI D-19 destruction wll likely continue
in the near term But further out, the market outl ook
for energy storage is extrenely positive. Wodnac
projects total deploynents to reach 7 gigawatts annual |y
in 2025, which is approximately seven tinmes the nmarket

grow h conpared to the projected depl oynents in 2020.

This large-scal e deploynent wll, of course,
require billions of dollars in investnments, which is why
I"'msure all of you are here, and we expect it will have

a transformational inpact on the grid.

The sense of urgency underlying the need for
capital deploynent is only increasing. Just |ast nonth,
California suffered its first rolling blackouts since
the (inaudible) energy crisis, and there's a broad
consensus that energy storage needs to be a part of the
sol uti on.

On the technology front, Lithiumion batteries
continue to dom nate the market with a 98.6 percent

share in @2 of 2020, and price is expected to decline by
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nore than 10 percent in 2022. But there's nore work, of

course, to be done.

The industry nust continue to navigate this
COVID downturn. Policy reforns are needed to inprove
the interconnection processes as RTO and | SO
I nt erconnecti on cues are becom ng increasingly |arger.
And al t hough the Court upheld the FERC order 841, many
i mportant details regarding the intersection of state
and federal regulation need to be ironed out.

And ironing out the market rule for DER
aggregati ons pursuant to FERC order 2222 is going to
take significant tinme and resources over the next couple
of years. And it's gatherings Iike these ones that are
critical to ensuring that the industry renains poised to
address these chall enges and those | urking around the
cor ner.

So thank you all for comng. |'m]looking
forward to diving into these issues nore over the next
few hours and during our session tonorrow. And, wth
that, 1'd like to wel cone you again, and |'mgoing to
turn it over to Richard Baxter for his remarks.

MR, BAXTER:  Thank you, Rohit.

Vel |, wel cone everybody to, virtually, to San
Francisco. This is our ninth Energy Storage Fi nancing

Summt series that we've had. This -- this one wll be
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doi ng the workshop today and then the summt tonorrow.

This programis an outreach to the financial
community by the Departnment of Energy's Ofice of
Electricity Energy Storage Program It's a platformto
pronote the daily prograns and all ows the DOE to engage
directly with those shaping the industry.

Today's workshop is a way to conpare sone
eval uati on nodel i ng approaches | ooking at different
revenue recognitions and results from project analysis
so that as the contractual nature of energy source
projects, both on scale and conplexity, we can -- the
DOE is working to help pronbte a nore sound anal ysis of
t he mar ket thensel ves.

And so here, let nme -- | will -- let's see,
sharing the screen and --

So today, as | was saying, we were going to --
our first speaker will be Intre Gyuk. Head of the Ofice
of Electricities Energy Source Program and then we wl|
be having the workshop noderated by Ray Byrne of Sandi a
Nati onal Labs.

So, with that, | would Iike to introduce
Dr. Inmme Gyuk and he will give the keynote address.

DR, GYUK: Okay. Geat. Let ne add ny
wel cone fromthe Departnent of Energy. And | amlinre

Gyuk and | direct the Energy Storage Research Program at

www.LexitasLegal.com/Premier  Lexitas 888-267-1200




© 0 N o 0o b~ w N

N N NN NN R R R R R R R R R R
a A W N B O ©O 00 N oo 0o M W DN +—» O

Video Transcription - September 22, 2020

the Departnent of Energy, Ofice of Electricity.

And today I'mgoing to tal k about resilience
and bankability. Resilience is what | want from ny side
and bankability is fromyour side. But, of course, if
we don't get bankability, there will not be any
resilience. So we are in accord, and bankability is
what we are striving towards.

| have problens controlling ny up and down.

MR, CHAUDHRY: You can just actually click on
the slide if you' d liKke.

DR. GYUK: Just do next.

MR. CHAUDHRY: There you go.

DR, GYUK: Okay. Good enough

So energy storage obviously has becone a
resoundi ng success. You heard the figures for 2020. In
spite of COVID, energy storage is forging ahead and an
exponential future is obviously going to be com ng
towards us, but it's alittle bit nore conplicated than
t hat .

Exactly one week ago this happened. This
beautiful 20 nmegawatt plant in England burnt to the
ground. This is a shock, particularly after the fire in
Arizona last year. And it's not one that we can sinply
di sregard and say, Well, accidents happen. So the

dom nant technology is, of course, lithiumion, but it
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rai ses a nunber of concern.

And these are in several categories. First of
all, there's the problemof sourcing. Only a few
countries provide the raw materials for lithiumion
energy storage, and that is not a good situation. There
are ecol ogi cal problens. The groundwater situation, for
exanple, inlithiummning is not what it shoul d be.
It's highly exploitive.

There are sociol ogical issues. It is not
appropriate to have little boys in Africa to grabbing
cobalt out of the ground. | have just nentioned safety
i ssues. Even though that's not necessarily the
technol ogy, but m ght be the power el ectronics, but
safety has to be one of our primary concerns, and al ong
with it reliability.

And then we have the issues of re-use,
recycling, and disposal. |If we are going to be building
energy storage plants exponentially, we're going to have
wast e exponentially. And, at the nonent, there's really
not very much that we can do with lithiumion batteries
when they are spent, even though institutions |ike
Argonne and others are working very hard at trying to
find a way of handling that.

So the DOE program works very seriously on

safety and reliability. But we also work on devel opi ng
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new storage technol ogies that are safer and nore
cost-effective and environmental |y acceptable to begin
Wi t h.

One of the ventures that we are putting into
effect is the Gid Storage Launchpad. This is a big
$90 million or so venture at Pacific Northwest
Laboratory, which will be devoted towards validating and
testing new generation storage material, de-risking and
speedi ng devel opnent of new technol ogi es, and
col | aborating with industry and other institutions.
It's going to be big; 70 to 100 work stations.

Utimtely, we would like to end up with a
circul ar technol ogy based on earth abundant and
i nexpensive nmaterials. W have to put the supply chain
and the waste streaminto the design itself.

So here are sonme of the exanples that we're
working on. And | will not do themin detail, but zinc
manganese oxide is one of them Zinc manganese oxi de as
a primary battery are quite comon. There are
10 billion units on the market at the nonent.

The trick is to nake those rechargeabl e, and
eventually to get -- make them nore energy dense. And
as we do this, the price per -- the cost per kilowatt
hours will go down and down, possibly as far as $20 per

kil owatt hour. And, of course, both zinc and nanganese
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are fairly earth abundant.

Anot her thing to work on is sodium And the
idea there is to basically replace lithium by sodi um
If you |l ook at the raw material, |ithiumcobalt price,
while it -- lithiumcarbonate price, while it changes,
is fairly expensive. Sodium carbonate, on the other
hand, is fairly cheap. And, of course, fairly abundant.
And we have been working towards maki ng these nore
effective. And as you can see fromthe curve, it's now
fairly flat for a fairly long cycle life.

W need to inprove the energy density and the
cycle life itself. And eventually this may repl ace
l[ithiumion batteries. O course, they wll probably
not be as energy dense as lithiumion, but for
stationary applications, we don't really need that.

And, finally, Aqueous Sol uble Oganics. These
are redox batteries. | particularly |like them because
instead of using naterials that you buy on the stock
market -- on the -- you rely on human ingenuity because
t hese are organics and we can manufacture them and they
just use carbon and nitrogen and oxygen and hydrogen.
And it's up to us to see how well and how cheaply we can
make them The curve shows that we might be able to go
quite far down; whereas, with vanadium we are always

stuck with the stock market.
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So these things have to do with reduci ng cost.

And that's not just the materials, that is also the
greater safety and the reliability. But equally
inmportant is the value. W have to bring up the val ue
as we bring down the cost.

Now, | notice that while projects are getting
bi gger i ndeed and duration gets |onger, nmany of these
projects really do not yet rest on a firm business case,
which is to say a return on investnent greater than one.

Too many of the projects are still pilots or
they are based on nandates. |In the |long run, we cannot
rely on that. Not if we're going to have that
exponential future of energy storage.

So the DOE energy storage program works on
bui | di ng and val i dating busi ness cases through
i nnovative pilot projects. You' re |ooking towards
resilience, sustainability, and grid stability.

Very inportant is the use of tools for
val uation. Mdeling. And we have nodel s devel oped at
Sandi a and Pacific Northwest Laboratories. The Sandi a
nodel -- and you will hear about it soon -- is
particularly useful for deregulated utilities, and it
all ows you by using historic data to get a quite good
i dea of what return on investnent a project wll get

you.
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The tool at Pacific Northwest Laboratory, on

the other hand, is particularly suited for vertically
integrated utilities, though, it can handl e ot her
systens as well. And there, because it's a vertically
integrated utility, you have to go nore deeply into
noneti zi ng sone of the characteristics that are not
noneti zed as easily in a market structure.

So here's sone exanples, which | have shown
before. A project in Sterling, Massachusetts, took
three -- only three nonths to go from groundbreaking to
conmm ssioning. It started out as a pure resilience
project, but by using our nodeling tools, we showed how
to actually profit and nonetize this project extrenely
wel | .

And we could show that with arbitrage and
reduci ng nont hly and annual peaks, we could profit by
about $400,000 a year. And this is how it devol ved.

You can see the nonthly peaks, the nonthly reductions;
the yearly peak, and then the nonthly ones and then the
yearly ones. And as a result, after two-and-a-half
years of running this project, we had avoided $1 million
in cost to the system And it's now becone sonewhat
fanous, and people fromall over the world have visited
the little town in western Massachusetts and | earned how

to do a project well.
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Anot her exanpl e brought us up to Cordova,

Al aska. They have a nunicipal systemthat is isolated
fromthe grid. 1In fact, you have to fly there or boat
there to get there. And they rely on 6 negawatts
run-of -the-river hydro power, which neans that they
don't -- can't load followthat well. They have to
throwin auxiliary diesel and keep spinning reserve.

But the diesel is 60 cents per kilowatt and
the hydro is 6 cents per kilowatt. Cbviously, you want
to maxi m ze the hydro, mnimze the diesel. W did that
by introducing storage. Here is the ribbon cutting, and
this is the unit. And it was conm ssioned about a year
ago in June of 2019. It does frequency regul ation, |oad
foll owi ng, and provi des energency supply.

A project that uses the PNNL tool for nodeling
was an underground cabl e that was avoided for going to
Nant ucket |sland. You can see the output of the tool,
and it shows that using storage, rather than an
underground cable, is a definite advantage.

So, again, the ribbon cutting, | |like those
because you have to get people's attention to these
projects. And this is the unit. This one is by Tesla.
And the return on investnent here is quite good. 1.55,
whi ch i s about as good as you can expect.

Now, we have a lot of these innovative pilots
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under devel opnent. One in lowa. The Al buquerque Public

Schools. Projects with the Rural Electrification
people. One of themwith the Air Force -- with an Air
Force base. W have residential projects with the
Navajo Tribal Uility Authority. W have anot her
project comng up in Alaska. And we are taking off a
really big bite fromPuerto Rico, we are trying to get
involved in a large mcrogrid for the five Central
Mountain Uilities. And good |uck to us.

There's sonething el se we shoul d nenti on,
though. And that is, in many states, Public Uility
Commi ssions are not as famliar as they mght be with
energy storage, and the regulatory environnment is not
yet as conducive to substantial build-out as it should
be. So our programdoes a |lot of policy research and a
| ot of outreach to Public Uility Conm ssions and ot her
regul ators.

Here is a nunber of workshops/tutorials, just
fromthis year; New Mexico, North Carolina, Nevada,
Utah, lowa State together with M SO, a FERC tutori al
w |l be tonorrow, and New Mexico PUC i n Novenber. So,
as you can see, there's a lot of learning to be done
yet, and a lot to be inproved as the regul atory
structure becones nore and nore suitable for building

out energy storage throughout the U S.
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To help this along, the energy storage program

has devel oped an energy storage policy database, which
is available for free. There is the URL. And it shows
that not a few states now have regulatory structure in
pl ace.

Now, sone of that, as, for exanple, in states
i ke California, New York, and Massachusetts, is very
extensive and very detailed. |In other states, it is
just a few notes on regulatory structure. But it's
comng there, it's definitely in the works.

But along with this, an urgent situation is
devel oping. Thirty states have set renewabl e energy
goal s, and sone of these goals are very anbitious. Like
total decarbonization by 2030 or nmaybe 2040. Overall,
one can expect that we mght be as low as -- as high as
50 percent in terns of renewabl e enerqgy.

The point is that this will require |onger
duration storage. |f you have that nuch penetration of
renewabl e energy, you have to count on a rainy day, or
the wind not blow ng or whatever. And we have to | ook
towards 8- hour storage, 12-hour storage, days, and
per haps even seasons.

The begi nnings of |ooking into this are
already there -- well, punped hydro, of course -- but

DCE- ARPA- E has the DAYS program CEC has solicitations
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for long-duration storage behind-the-neter and
el sewhere. And our energy storage program at the
Departnment of Energy is seriously looking into
| ong-durati on storage.
Looki ng at current technol ogies that are
currently underway. The cost goals -- and this slide is

sonewhat garbl ed by having been sent through e-mail --
are fairly good. Sonething between 300 and 125 can be
expected, and if you |l ook at zinc nanganese, at |ow
tenperature sodium at aqueous sol ubl e organics,
advanced | ead shoul d not be discounted, it m ght even go
as low as $35 per kilowatt hours. So good things will
be happeni ng, but perhaps not sufficiently, not for a
really long duration

So we have to |l ook at things on the horizon.
So what's com ng here.

VWell, vehicle to grid is definitely in play.
Not so nuch for individual vehicles, but certainly for
fleets, such as school bus, postal, and mlitary fleets.

W will no doubt see better, quote-unquote,
l[ithium | mentioned innolith, for exanple, which wll
elimnate sonme of the problens that [ithiumion
technol ogi es have at the nonent and go towards even
| ower cost.

Non-1ithiumtechnol ogies, particularly flow
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batteries, under consideration, vanadium zinc,

zi nc- manganese. These are all technol ogies that are
suitable for longer durations. Oher technol ogies, such
as, Anbri, are in the work too.

Then there are non-battery technol ogies. You
can al ways stack cenent blocks. The ancient Egyptians
did sonething much like it. There are little railroad
carts that go up incline planes. There is one in Nevada
that's going to have a groundbreaking early in Cctober.
Conpressed air, punped hydro, thernmal systens, of
course, ice, but also phase change material and systens
such as Aesthus and Malta and perhaps liquid air.

So long duration energy storage, 8 hours, 12
hours, and days is comng. And, of course, you could
al ways go wi th hydrogen or ammoni a provided we are nore
effective in doing it in a nore cost-effective way.

The Energy Storage Grand Chal |l enge at the
Departnent of Energy is trying to bring the various
progranms such as hydrogen, punped hydro, and others
together into a consortium if you wish, to address this
| ong-duration storage i ssue. And we have hi gh hopes
that we will be able to devel op technol ogy al ong those
l'i nes.

But the main question is still, even if we

sol ve the technol ogy, what is the business case? How
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are we going to justify having energy sitting around for

weeks? Because nostly noney is being made when you
either put energy into storage or take it out of
st or age.

When it's just sitting there, it's there as --
for purposes of resource adequacy, but you don't really
profit fromit. So what is the business case? W wll
pay for all of this, for these substantial anmounts of
energy? Are we going to have mandates, such as al
renewabl e energy nust guarantee storage? Are we going
to have taxes? Are we going to | ook at higher rates?
VWhat is it? | leave it up to our policy people to work
it out.

But whatever it is, it will require the
fundanmental reorgani zation of regulatory structure to
enable this | ong-duration storage and to guarantee that
we have enough storage to cover deep penetration of
renewabl es. Thank you.

MR, BAXTER: Hello. Thank you very mnuch.

Dr. Gyuk.

Ri ght now, are there sonme questions for
Dr. Gyuk? | think there's a Q%A box at the bottomif
anybody wants to put one in.

DR. GYUK: No open questions. | nust have

expressed fundanental truths.
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MR. BAXTER: Al right. Wit, okay. So here

we go. A lot.

How | ong until the technology fromthe
nati onal |abs beconmes commercially avail able? So nmaybe,
you know, just that process, in general, rather than --
or maybe highlight sone specific issues.

DR GYUK: Want nme to throw out a nunber? Ten
years, maybe earlier. It depends on how rmuch noney we
have and how hard we worKk.

MR, BAXTER:  Anot her questi on.

There's projects in (inaudi ble) areas, what do
you think we need to see to have nore activity in that
mar ket -- or that technol ogy?

DR. GYUK: W need technol ogies with high
reliability. There are a fair nunber of flow battery
technol ogi es out there, but either they have not been
sufficiently tried or they have problens (inaudible).
And we all know both the utility industry and the
banki ng i ndustry are conservative industry and they
woul d prefer to have an absolutely sure thing, which
means that it has to work and it has to be shown to work
by nunerous exanples. So that's why, as nuch as we can,
we |like to prove out sone of these technol ogies. W
have had some fail ures.

MR. BAXTER: Ckay. Thank you
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W' ve had a nunber of questions about |ong

duration. So maybe taking a step back and tal ki ng
about, first, the renewed interest in what really |ong
duration nmeans in sone of the applications and then,
agai n, touching on how sone of those specific

technol ogies fit those energi ng needs.

DR GYUK: Well, that's a separate |lecture.
But, basically, the thing is, while we all know that the
sun don't shine at night and the wind bl ows where it
will. In the short term we have | ovely technol ogy,
[ithiumion works well for four hours, maybe even ei ght
hours, and it can snooth out renewabl es.

But, if we have a two-day rainy spell, then we
need storage available. And that has to be massive
because if we are going to rely a hundred percent on
renewabl es, or let's say, solar, then we have to have an
equal amount of energy for X days in storage.

MR BAXTER: All right. Thank you. Question
about the recycling and howit is incorporated into, |
guess, the design and then the nmarket uses of it -- of
the systens.

DR, GYUK: Well, if you have a technol ogy |ike
vanadi um redox batteries, the vanadi um el ectrol yte that
you have sitting in the battery is exactly the sane

after 20 years of use. It doesn't degrade.
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Particularly, you can siphon it off, get rid of the

contai ners and reuse the vanadiunm s solution, either for
anot her storage unit or for industrial purposes. So in
that case, you have reused your -- recycled your

t echnol ogy.

Lead acid batteries are sonething |ike
98 percent re-useable. The lead is snelted. The
battery liquid is recycled, you know, that's the kind of
technol ogy we would like to have if we can have it. But
having to continually bring in new resources through
m ning, et cetera, and having | arge anounts of waste
accruing is just not the right way to go. Afterall,
remenber, we are doing all of this so that we can reduce
the carbon footprint and by having a | arge anobunt of
waste we are not hel ping the environment.

MR, BAXTER  Thank you

And | guess a followup is the influence or
educate custoners and incorporating recyclability into
the use of these products.

DR. GYUK: Actually, custoners are really
quite astute, because, in general, kind of organizations
that are willing to use renewabl e energy and are willing
to install energy storage behind-the-neter are already
quite astute on a -- froman environnental point of

Vi ew.
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So they are, | think, very nmuch on board with

creating such technol ogies that are nore circular and
using themif and when they're avail abl e.

But, yes, education is going on and on and on.

MR. BAXTER Al right. And one final
guestion talking a little bit nore about the sodi um
batteries for the tine frame of their devel opnent and
how they mght roll in to conpete with [ithiumor I|ead.

DR. GYUK: Again, ten years should do it.
Earlier mght very well do it. Al nost every -- al nost
every technol ogy takes ten years to roll out. You know,
you do not get technol ogi es overni ght just because you
had a clever idea. A lot of technol ogies wth such
cl ever ideas have cone out, gone to narket even, and
then have to withdraw their units because they just
didn't work properly.

So you want to prove themout, increase in
acceptability, and then go to full deploynent.

MR. BAXTER: Al right. Thank you. No other
guesti ons.

W're going to have our break now. So we'l]l
put up a slide and then I think if everybody could cone
back at 11: 00 o' clock Pacific, noon Muntain,

1:00 o' clock Central -- wait, yeah -- and 2:00 o' cl ock

Eastern, sorry. And then we'll start with the -- the
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Energy Storage Val uation Workshop.

Thank you very much, and we'll see you again
in 15 m nutes or so.

(Break in neeting.)

MR, BAXTER: Thank you very much for
returning, and we'll be starting the workshop today.

So right nowl'mgoing to turn it over to Ray
Byrne of Sandia National Labs will be the noderator for
the Energy Storage Val uation Wrkshop.

MR, BYRNE: Thanks, Richard. So ny nane is
Ray Byrne. | nmanage the electric power systens research
departnment at Sandia. And | also amteam | ead of the
energy storage data anal ytics work.

And, first, I'd like to thank Dr. Inre Gyuk
who has sponsored the majority of our work, as well as
the work of many of the panelists in our session today.

But energy storage valuation is conplicated.
It matters where you're located. The rules and
remuneration schene are different if you're in a market
area versus a vertically integrated utility versus a
behi nd-t he-neter application. The regulatory |andscape
is constantly evol ving, so rules change and -- over
time, and that can cause chall enges for val uing energy
storage. And there's still not really an agreed upon

framework on how to val ue storage, which can be a
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barrier to w despread adopti on.

So the purpose of this workshop is to talk
about different nethods for valuing energy storage, and
tal k about best practices that have been devel oped by
the national |aboratories and industry. So we have
three different -- or four different speakers fromthree
different organi zati ons today representing Sandi a
Nat i onal Laboratory, Pacific Northwest Nati onal
Laboratory, and the Electric Power Research Institute.

So I'"lIl turn it over to our first speaker
Dr. Tu Nguyen from Sandia and he'll tal k about QUESt,
which is an energy storage val uation tool.

MR. NGUYEN. Hello. Let ne share ny screen
first. Good norning and good afternoon. M/ nane is Tu
Nguyen of Sandi a National Lab.

Today | tal k about QUESt an open source of
software tools that we devel op for energy storage
evaluation. | wll give to you a brief overview of
QUESt and how to obtain it in different application that
QUESt provides. | wll also provide sone background
i nformati on on behi nd-the-neter storage, and a case
study evaluating the cost savings for a |arge hotel
using battery together with the sol ar.

Sof tware al nost dedi cate energy storage

anal ytics team at Sandi a under DOE energy storage
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program has been conducting eval uation studies for

energy storage. And after devel oping a franmework for
conducting these studies, the team (inaudible)

formul ation that could be generalized into it, too. And
in Septenber 2018 we publicly release the first version
of QUESt, which included market valuation application in
addition to a data acquisition. 1In 2019 we al so added
QUESt behind-the-nmeter, and currently it is on the
version 1.2 series of updates. The software code base
is currently hosted on Gt Hub.

So the first goal of this effort was to create
a Graphical User Interface, or GQU, to help users
conduct analysis that is to evaluate revenue potenti al
of energy source systens in different applications.

We al so make it open source so that engineers
and researchers can custom ze the back-end code and
nodel s to treat their own needs.

So, currently, QUESt has three built-in
applications including QUESt Data Manager, nanages the
acqui sition of I SO market data, utility rate structure
data, commercial and residential |oad profiles.

In QUESt Val uation, estimtes potenti al
revenue generated by energy storage system providing
multiple services in electricity markets of the |1SO and

t he RTGs.
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In QUESt behind-the-neter, estimte the cost

saving for tine-of-use and net energy to custoner using
behi nd-t he-meter energy storage systens.

So we devel oped the Graphical Users Interface
so that the users can easily start up and run the
anal ysis and report the results. But at the sane tine
we also building the API to help the power users better
utilize QUESt by (inaudible) library.

So currently QUESt is available on GtHub. It
runs on nultiple platforns |i ke Wndows, Mac or Linux.
The only add-on that you need to install is the software
for optimzation. W also provide the instructions for
installation on GtHub page.

So | ast year for Wndows 10 user, we have
devel op an executable version of QUESt, and that has a
| ot of installation process and -- but you still need to
install the software for the optim zation.

So next | will tal king about the QUESt
appl i cati ons.

So this is the general workflow of QUESt
First, you have need to deci de what type of analysis you
want to do, then grab the appropriate data from QUESt
data manager, and then select the appropriate
application fromthe first step to do the anal ysis and

see the results.
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For exanple, if you want to do the eval uation

of energy storage in the | SO RTO market, you need to
grab the |1 SO RTO market data, then select the QUESt
val uati on and then run the anal ysis.

So estimation earlier market valuation is one
of the current applications of QUESt. It answers the
guestion how to maxim ze the revenue of energy storage
providing services to electricity market.

Basi cally, you can select the | SO where the
storage systemis |ocated, and then select the revenue
streans you want and set up the storage from neters.
Currently, we have a few default settings for a few
battery technol ogi es based on the data provided on the
DCE' s energy storage portal.

So after running the optim zation, you wll
find the maxi mum potenti al revenue that the energy
source systemcan nake in this application. You can
also find the results summary, and you can al so generate
the reports based on these results.

So one of the key conponent of QUESt is the
data manager app. For different types of analysis you
need to grab different types of data. And this app
hel ps you grab those data. Currently, you can downl oad
mar ket data, such as the |ocal marginal prices,

regul ation prices of the 1SO and the RTGs, and the
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utility rate structures and PV |oad profiles. W only

use publicly avail able APIs and posted market data, and
open source dat a.

So for downl oadi ng the market data, you w ||
need to specify the market, the tine period, the pricing
node. You will need to sign up for an account to
interface wwth the market data portal. And to downl oad
the utility rate structures, you need to search for the
utility and then select the specific rate you want. You
can also nodify the rate to reflect your actual contract
with the utilities.

And the building | oad data can al so be
downl oaded t hrough QUESt data manager. The data include
different types of residential and commercial buil dings
provi ded by OpenEl database based on DCE building office
preference data. Simlarly, you can al so downl oad the
PV data for your |ocation.

And the last application | would like to talk
about today is behind-the-neter applications. The
applications help you to evaluate the cost savings that
behi nd-t he-nmeter storage can bring to utility custoners.
And | will talk about the details of this application in
the exanple at the end of this presentation.

So next | will give you an overview of utility

rate structure and how behi nd-the-neter can help
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custonmers lower their bills. So as you may know, the

ternms of front-of-neter and behind-the-neter often use
to specify the system | ocati ons.

Behi nd-the-neter refers to system but are
| ocated at custoner sites such as hones, conmerci al
industrial facilities. Behind-the-neter are usually
owned the custoners and intended for custoner use while
front-of -neter owned by the utilities, and intended for
(i naudi bl e) servi ces.

So whet her or not can behind-the-neter energy
storage have reduced custoner's electricity depends on
the utility rate structures, or, in other words, it
depends on how the utilities charge their custoners for
the electricity usage.

And before tal king about utility rate
structures in detail, | would |like to i ntroduce some
i nportant terns here.

First termis energy charge. It is a charge
to the custoners for the energy in kilowatt hour
consuned in a billing period. And this charge is
applied to all custoners including residential,
commercial, and industrial.

The second charge is the demand charge. This
is the charge to the custoners for their peak power in

kilowatt. This charge is often applied to |arge
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commercial and industrial custoners, but in sone

utilities the demand charge al so used for residential
al so.

So beside energy and demand charge, you al ways
have sone ot her charges that are independent of
consunption such as a neter fee or sone other basic
custoner's fee.

Fromthe first rate structure, | would like to
tal k about today is the fixed rate and we all know t hat
this is the nost sinple and probably the ol dest rate
structure used in the U S. And sonetinmes it is called a
tier rate.

And it is the rate where a constant price is
applied to each tier of energy consunption. And this
shoul d be noted that the flat rate is actually a speci al
case of tier rate, where only one tier is specified.

The figure in this slide shows an exanple of P&E s tier
rate for California custoners, in which the higher

tier -- the higher prices are applied to the higher
tiers. And, of course, different utilities have
different prices and specifications.

So in opposite to the fixed rate is the
dynam c rate and one of the main advantage of dynam c
rate is that it reflect the variability of the energy

prices -- of the wholesale electricity prices. And the
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utilities notivation for dynamc rate include increasing

custoner satisfaction with options to reduce energy
bill, encourage the | oad growth, and reduce the total
peak demand by | oad shifting of conplying with the
regul atory mandat e.

So the npbst conmon dynamic rate is tine-of-use
pricing. In tinme-of-use pricing, energy and denmand
prices are set in advance for different tinme periods.

In time schedules for tine-of-use often classify as
hours of day -- classify the hours of day as peak and
part-peak and of f-peak hours.

They work as weekdays, weekends, holidays, and
nmont h of years as summer and winter nonths. And this
pi cture shows exanpl e tine-of-use schedule for Southern
California Edison, which the optimal hours are
10:00 p.m to 8:00 a.m every day, and peak hours are
from2:00 p.m to 8:00 p.m every weekday and ot her
hours as specified as part-peak hours.

And you can see that the energy price varies
during the day, and the difference in price settings for
the week days and the weekends for summer nonths and
Wi nt er nont hs.

Besides tine-of-use there are other dynam c
options including real-tinme pricing. Variable peak

pricing, and critical peak pricings. And all of those
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are sone variation of time-of-use pricings. For

exanple, the variable peak pricings is very simlar to
ti me-of -use pricing, except that peak period prices
change daily to reflect the systemcondition and cost.

O her than the above rate structures, the
utilities also introduced net netering prograns as nore
and nore custoners owned roof top and on-site PV
systens. These prograns allow the custoners who own
renewabl e energy systemto export the excess energy to
the grid. And the net energy exported to the grid wll
be used to offset the custoner's consunptions and at the
end of the building period -- or true-up period, the
customer wll be charged or credited for the net energy
usage, or surplus.

So general speaking, the |longer the true-up
periods are nore beneficial to the custoners, because
the surplus energy in sumrer instead of being sold to
utility at hosted price, can be used to offset the usage
of sone other nonths; however, that m ght not be true
anynore. |If the custoner's surplus are paid at the
retail electricity price as in Net Metering 2.0 program

So to benefit the -- fromthe dynamc rate
structure, the custoner nust be able to charge the | oad
in the manner that lowers their electricity consunption

W thout -- sorry, that lowers their electricity bills
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W thout interrupting their operations or sacrificing

t heir conveni ences.

So behi nd-the-neter can be used to provide the
needed flexibility for the custoners. For exanple, the
net metering custonmer can increase their savings by
storing the excess renewabl e energy when the load is | ow
and use that energy later when the load is high.

And tine-of-use custoner can benefit by
charging the battery during off peak and then charging
them during peak hours. Tinme-of-use custoner can al so
reduce their peak demand by di schargi ng during peak
hour s.

So given the limtation of storage capacity
and efficiency, the econom c gains highly depend on the
storage size and operation. And to justify the
depl oynent of behind-the-neter energy source, it is very
important to optimze these to nmaxi m ze the outgoing
benefit of the custoner. And this is an optim zation
problemin which the objective is to mnimze the tota
energy charge, denmand charge and net netering charge,
conceal ing the physical limts of the energy storage
device and the inverter.

The decision variables of the problemare the
charge and di scharge power of the energy storage device

at the tower.
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And so now | will get you a case study that's

st ep- by-step wal k-t hrough QUESt behi nd-t he-neter
application. And in this case study we can see a |l arge
hotel with solar and storage. And trust we need to use
QUESt data manager to get the data we need. So for this
analysis we will need utility rate structure, | oad
profile, and PV power profile.

So let's assune a hotel is a custoner of P&E
following rate structure E-19 for medi um general demand
ti me-of -use, secondary and voluntary. So the data
manager give us the different options to find the rate
structure including search by utility name, search by
zi p code, and search by state.

For exanple, in this case study, we search by
the utility nane. Once you find the utility, we can use
afilter to narrow down the showed results to find the
rate structure that you want.

So pl ease note that we will need an APl key
for this tool, and for the PV profile downl oader. There
is a help pronpt to get you started with that short
process. So once you find the rate structure you -- we
want, we continue to verify all the tine schedul es and
prices. This screen show the tine-of-use energy prices.
On the left corresponding to the tine-of-use --

ti me-of -use schedules on the right.
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For exanple, the red blocks in the tine

schedul e, which are the peak hours fromnoon to
6:00 p.m every weekdays in summer nonths, are
corresponding to the price tag No. 4 at 16 cents per
kil owatt hour.

So if we find the differences in the
downl oaded data conpared to the real contract, this
screen also allows you to nodify both prices and tine
schedule. So now we continue to verify the denmand rate
structure. |In this case, both time-of-use demand and
(i naudi bl e) demand apply. Again, we can nodify the
data, if needed.

Now, we can finish up the rate structure setup
by setting the net netering rate structure, and save the
data for |ater use.

Next, we will need to obtain the |oad profile
for our load. Since this is a large hotel we w ||
select the comercial |load profile. W will need to
select the location and the type of |oad we want, and
set the data for |ater use.

And, finally, we will need to downl oad the PV
power profile. In order to do that, we'll need to enter
the lat/long, the PV systens specification, and al so
save the data. Once we're done with all that data

setup, we'll start using QUESt BTM or QUESt
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behi nd-the-neter for the anal ysis.

And, first, we will use tine-of-use cost
savings wizard to set up the analysis. And proceeding
to the wizard we will select the data that we have just
downl oaded, including the rate structure, and the | oad
profile, and the PV profile.

Now, you can enter the energy storage system
paranmeters. In this case study, our energy storage
systemis 400-kilowatt hour and 100-kilowatt. So we can
enter that in. Once everything setup, we will click
next and initiate the nodel building and sol ution
pr ocess.

I n the background, the specified data is being
| oaded. The optim zation nodels are being constructed
and the nodels are being solved. After a brief wait, a
pronpt will notify you that the conputation is conplete.
We can now view the wi zard report of results and view
several summary graphics.

Based on the cal culations, the addition of the
energy storage systemreduced annual charges by about
$36, 000 per year. This nostly due to demand charge
reduction. And, specifically, the peak demand each
nmonth was reduced about 100-kilowatt in this case.

We can al so create a summary report that

i ncludes fornmul ation details and the results. So we can
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retry the wizard wwth different energy storage system

parameters, or we can try different PV and | oad profile

rate structure, and so on. |s energy storage system
worth it? In this case, it will depend on the financial
of operating it and acquiring it. But we will have an

estimate on its performance val ue potenti al

So thisis -- if youinterested in the
formul ati on and mat hemati cal franmework, these are sone
publications that we published during the |ast couple
years.

So for the future, we would Iike to include
nore applications under QUESt platform That includes
t he degradation, valuation of any storage. W also want
to integrate the planning tools and resilience tool into
the QUESt platform And very inportant we want to
rel ease the APl and library probably this year. And we
keep conti nuing providing the webinars, tutorials and
wor kshop and we are wel cone your feedbacks.

So, with that, 1'd like to concl ude ny
presentation here. Last, but not least, | would like to
acknow edge the support and guidance fromDr. Inre Gyuk,
t he program manager of U. S. Departnent -- U S. DOE-CE
Energy Storage Program Wth that, | conclude ny
presentation here. Any questions?

MR. BYRNE: Thank you, Tu. So right now we
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don't have any questions. |If folks have a question, do

you want to enter it now and we can take one or two
before we do the next speaker? Al right. Looks like
there's no open questions yet.

So, with that, thank you, Tu. I'Il turn it
over to Dr. Jan Alamand Dr. DI Wi from Pacific
Nort hwest National Laboratory, and they're going to give
an overview of PNNL energy storage valuation efforts.

DR. ALAM Well, hello, everyone. M nane is

Jan Alam |I'mfrom Pacific Northwest National
Laboratory. Today, nme and ny coll eague will talk about
our energy storage valuation efforts. So | wll try to

gi ve an overview of our valuation efforts and we w ||
dive into sonme of the details on our nodeling approach
and net hodol ogy.

So both of us work at the energy storage
program at PNNL. Have been working here -- | personally
have been working in the programfor about four years
NOW.

So PNNL has been providing -- has been
i nvol ved with energy storage valuation for quite a few
years now. | think that earliest report that | renenber
to see was from 2013, that tine, so pretty nuch the
start of the retail storage application or at |east that

wi de level -- or w de scale.
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So nost of the projects that we have worked on

t oday, you know, they intend to | ook at various val ue
streans, or various value streans of energy storage.
Al so, while we do that, we are able to kind of
understand the relative inportance of various use cases.
I think Ray nentioned that in the storage evaluation is
conplicated. A lot of the things depend on where you
are in which market structure or, you know, utility type
that sort of thing. And if there are any particul ar use
case or applications (inaudible) for a given region that
will, you know, cancel out fromour valuation. That is,
we can obviously, you know, try to understand or explore
vari ous challenges in evaluation of benefits, and sone
of our studies were focused on understandi ng the market
potential of sone new technol ogy.

To date, we have worked on vari ous
technol ogies. Lithiumion is obviously one of the, you
know, nost frequent technol ogy that we work wth.
Today, the largest systemthat we have worked on is a
6- megawatt, 8-hour battery in Nantucket |sland, owned
and operated by National Gid -- Dr. Gyuk al so nentioned
that project -- providing reliable service on the island
power systemis the main goal, but it can also
(i naudi bl e) various markets that exist. W also have

wor ked on flow battery systens, nmainly in the state of
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Washi ngton. And al so working on a couple of punped

storage hydro projects.

Mainly, this project is owed and operated by
various types of utilities, you know, starting from
public utilities, electric cooperatives to really large
i nvestor-owned utilities. Sonme of the projects are al so
owned by private devel opers. Many of these projects are
funded by, you know, grant funding and cost share.

And, as | nentioned, that quite a few of the
projects are actually part of Washington C ean Energy
Fund in the state of Washington. But there are also
projects that are funded by the even nore traditiona
(i naudi bl e) or other traditional financing nechanisns.

This map here shows the projects that we have
worked on to date. This is a little dated, by now I
t hi nk we have probably nore than 25 that we have worked
on or are working on. So | just wanted to give sort of
a, you know, background or an overview that, you know,
as we tal k about, we can kind of navigate various types
of opportunities that we had and various types of
| essons that we | earned through this project.

So | wanted to briefly touch on the various
val ue streans we work on. It's sort of evident by now
that energy storage benefits can be captured at various

| ocations within our electricity infrastructure starting
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from generation, transm ssion, distribution, end use.

Al so electricity market provides a good platformto
provi de various services and tap into various revenue
streans.

| referenced the paper within this dashed box
that we wote a couple of years ago. It provides a good
I nsi ght on various value (inaudible) and al so sone of
the tools that are avail able for evaluating various
benefit streans.

That goes to the various types of activities
that one has to do to achieve a val ue from energy
storage. The first one is logically the identification
and anal ysis of value, which is nostly the valuation
activities.

But it's also inportant to renmenber that, you
know, proper sort of, you know, hardware, software,
infrastructure, and control strategies are really
inportant to be able to realize the value that we, you
know, identify and analyze in the valuation stage. And
it's also inportant to track how we are actually doing
in terns of achieving the value that we have identifi ed.

If there are gaps between the val ue that we
identified and evaluated in the anal ytic eval uation
stage with the value that we are actually generating in

the field, what are the differences and why they are
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different. The analysis of those aspects can provide

real ly good insight and can hel p enhance the val ue.

So | just wanted to nmention the two points,
al though they're not really directly related to the
val uation aspect, but also -- but that's really
inportant in terns of achieving the value in the real
wor | d.

This slide basically tal ks about our sort of,
you know, the approach and process of the val uation work
that we do at the lab. | won't talk a | ot about it
because DI Wi will provide a |lot of detail information
and share maybe sone of our nodeling nmethodol ogi es and
appr oach.

| just wanted to say at a high level that as
we just tal ked about in the value chain, that, you know,
identification of the value streans and how t he val ues
accrue would be really inportant. As we know, the val ue
coul d accrue as avoided cost or deferred investnent or
sone sort of earned revenue by providing a service to a
mar ket .

So how -- for a given project, how do the
vari ous streans can be achieved. Ildentification of that
is really inportant. And while we do that, we engage
with a lot of, you know, really close engagi ng

di scussion with the utility partner, so whoever owns and
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operated the storage. So that kind of fornms the really

fundanmental sort of, you know, base of our val uation
wor K.

And t hen, based on that, we devel op nodeling
and anal ysi s net hodol ogy and then use various tools. So
at PNNL we have BSET, Battery Storage Eval uation Tool,
which DO wll talk about. W have to nodel various
constraint and have to incorporate various, you know,
consi derations, system considerations, technol ogy
limts, et cetera. And then, obviously, financia
consi derati on.

So once we have, you know, prelimnary set of
results, we go through iterations with our, you know,
utility partner or whoever owns and operates the battery
and try to understand and interpret the results, you
know, what we have conme up to nmake sense or not.

That sort of reverse process, you know, Kkind
of provides a really great |earning opportunity in terns
of understanding the val ue streans, and then we sort of
finalize our valuation process.

In ternms of tasks, we are fortunate to have
kind of nmultiple valuation process. W establish a
prelimnary evaluation based on a | ot of presunptions,
particul arly under technol ogy, but then we have sort of

a, you know, testing period where we try to characterize
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the technol ogy and understand its limts, et cetera, and

then enbed those aspects in the final evaluation

So that -- sonmetines that can, dependi ng on
tinme available, it can go in nultiple periods of
testing, that way we can al so, you know, try to under
stand the degradation that, you know, that's related to
this particular -- to a particular technology. And al
those, you know, kind of are built into our final
eval uati on.

So it's not always easy to have that -- or,
you know, maybe in all projects we won't have that
opportunity to kind of do a, you know, technol ogy
characterization before the decisions are made. So in
those cases, you know, previous work on a particul ar
technol ogy that has been done by others, you know, PNNL
Sandi a, or other organizations, | think those could

provi de really useful information.

Now, | just nentioned about the technol ogy
characterizations, but | just wanted to say a few
nore -- maybe share a few nore things about that.

Actual ly, you know, there are things that we see in
techni cal specifications, but unless and until you
actually operate the battery in the field, you re not
able to understand that it's real |limts or if there are

any operational challenges or, you know, the perfornmance
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characteristics that really relate to the particul ar

application that actually will be used in.

So in the past we have, you know, cone in
cl ose situation or experience when we have sort of
nodel ed the battery in our prelimnary evaluation in one
way, but when we run the test we found that the
performance is really different.

In sone instances we found there were
reliability issues. The battery nmay not be avail abl e.
It may face frequent, you know, issue or (inaudible).
So all of those aspects are actually inmportant. And,
again, it may not be always possible to, you know,
performthe field tests in evaluation work, but it, you
know, other -- what others have done in terns of, you
know, performng field tests that technol ogi es can
provi de useful information and then at |east, you know,
keeping a provision in our valuation analysis or if it's

reflecting on those aspects, could provide nore

accurate -- or nore, you know, practical estimtion of
the benefits. | just wanted to share that aspect as
wel | .

Typically the results are as, you know, as one
woul d i magi ne various benefit streans, here are the
nunbers that are, you know, one of the kind of nost

inportant results that we have from our val uation
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anal ysts. But we also |ook at various (inaudible). For

i nstance, you know, how the various, you know, financial
out cones of the battery or, you know, netrics, for

i nstance, or return on investment or benefits cost woul d
vary as the size is varied or the energy to power ratio
IS varied.

We know t hat val ue stacking is a very
i mportant aspect of energy storage, so battery can --
battery or (inaudible) can serve, you know, provide
mul ti ple service, then, you know, in a given tine
hori zon, how this various, you know, services stack up,
you know, and how nmuch tinme a battery has spent in
vari ous services. How nuch tinme it was sitting idle.
Very inportant point. How much tinme it was, you know,
it was in using in recharging, that sort of thing. So
those aspects cone out fromthe valuation we do.

And also we are able to see how the battery is
ki nd of, you know, operating in ternms of, you know,
provi di ng charge and di scharge power, so sort of the,
you know, exanple or illustrative dispatch signal, and
how the state of charge varies. So all of these aspects
real ly deeper into the technical aspects, but it can
provi de sone insight of, you know, how you can expect
the battery to operate during the actual field

oper ati on.
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And then -- and then if there are, you know,

things that can relate to the, you know, financing and
econom ¢ aspects then we can kind of, you know, take
further action to understand those in further details.
We just wanted to share that aspect here.

Now, today, the work that we have done on, you
know, val uation of various storage projects, nost of
these are actually available in public domain. | had
provided a link blow there where you can access the work
and i f you have any question we can talk further. |
just wanted to nention that we feel that nost of our
wor ks woul d -- could informvarious communities invol ved
in energy storage industry in one of the other way.

First and forenost, | think, are the project-rel ated
entities |like devel opers, owners, operators, you know,
financing institutions.

Many of our, you know, project actually work
on real field data fromthe market and follow the
projects involve performng system analytics, so the
bul k systementities |ike market operators and
reliability organizations, like (inaudible), for
i nstance, can benefit fromthe studi es we have done.

| think Dr. Gyuk has already nentioned that we
have been working with regulatory entities in the state

and also at federal |evel for PNNL have put together
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wor kshop to informvarious regulatory entities on the

benefits, opportunities, and chall enges of energy
storage, so that's a useful part of our work.

And we al so think the denonstration projects
that we have been working on have created | essons that
can al so benefit the technol ogy-related entities, the
systemintegrators, the manufacturers, so they can kind
of see how the technologies are performng in the field
and what sort of, you know, challenges we are facing and
how t he technol ogy needs to inprove in the future for
t hose aspects.

| think with that I'mat the end of ny
presentation. |If there is any question, |'d be happy to
answer. But | would like to acknow edge t he support of
Dr. Inte Gyuk from O fice of Electricity, U S
Departnment of Energy, for his guidance. And also, as |
mentioned, a lot of our work is part of Washington C ean
Energy Fund, so we would |ike to acknow edge the support
of Bob Kirchneier from Washi ngton State Departnent of
Commer ce.

So thank you for the opportunity to talk here
and share sone aspects of our valuation efforts.

Thank you, Ray.

MR, BYRNE: Ckay. Thank you. So we do have a

guesti on.
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So how are Sandia and PNNL col | aborating on
these sorts of analysis tools? So do one of you guys
want to answer that?
DR, ALAM If you or DO would like to take
that -- I'mhappy to. As far as | understand that, you

know, we have been working very closely and sharing
vari ous net hods and approach that, you know, on energy
storage valuation. Both of the |abs have, you know,
various tools that, you know, the user community can

t ake advant age of.

How we can, you know, sort of collaborate nore
on, you know, bringing themon a single platformfor
user access, | think that's probably a discussion still
to happen but, you know, 1'd like to hear fromyou Ray
and maybe Di, as well.

MR. BYRNE: Ckay. So | think the best way
that we're coll aborating in the recent |ast six nonths
or years, an exanple would be the NRECA anal ysis
efforts. So we're working with NRECA and their co-ops
to do analysis for different sorts of energy storage
applications and depl oynments. And so we basically split
up the analysis efforts.

So sone are done by Sandia, sone are done by
PNNL, with the other lab providing i nput and revi ew ng

the analysis. So that helps, | guess, get everyone kind
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of on the same playing field.

Tu, do you want to speak to how that's
wor ki ng?

MR, NGQUYEN: Yeah, that is a great exanple of
how we wor k together between Sandia and PNNL. And as
Dr. Gyuk nmentioned earlier, PNNL tools for (inaudible)
integrated utilities and Sandia to dispute for market
application and behind-the-neter. And that's kind of
closely -- not close enough, but it's still there's sone
di stingui shed differences between the two areas -- the
two areas that the | ab working.

DR WJ Thisis D. | want to add one thing.
PNNL and Sandi a National Lab are regularly comuni cated
t o exchange experience, and al so nake sure we don't
duplicate efforts. | think that's very inportant.

MR. BYRNE: Ckay. So | think we can consider
t hat question answered.

So, with that, I'll turn it over to you, D .

DR WJ; Okay. Al right. So, okay, we --
can you see ny screen?

MR. BYRNE: Yes, we can see it.

DR WJ. Hello everyone. |I'mD W, a senior
research engi neer and team | eader at Pacific Northwest
Nat i onal Laboratory.

| do the research work in areas of energy
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storage analytics, building grid integration and

m crogrid design. Today |'mgoing to provide an
overvi ew of nodeling and anal ytical nethods and the
tools for energy storage val uation.

As Jan just explained, energy storage is
capabl e of providing a vary range of services from bul k
energy, ancillary services, and T&D, to custoner
services. W have coll aborated these other national
| abs utilities (inaudible) and the universities to
eval uate energy storage systens at nore than 20 sites
across U. S

In this presentation, | will summarize these
met hods and the tools (inaudible) used in this project.
I will start at high level, but provide references that
contain detailed information

Let's first |ook at nodeling. To evaluate
econom ¢ benefits of energy storage we need a set of
equations and constraints, or tables representing
operational flexibility and the physical constraints.

In many cases it's a bl ack-box or gray-box
nodel at system | evel w thout conponent-I|evel details.
(Inaudible) is as inportant as fidelity, as the nodel
will be used for formulating a |ab organi zati on probl ens
that could involve (inaudible) decision variables and

t he constraints.
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These nodel s descri be technical characteristic

of energy storage fromtwo perspectives; operational
flexibility and degradation effects.

Constant-efficiency nodel is a sinple and
popul ar nethod to characterize operational flexibility.
It's a linear (inaudible) systemthat resenbles a
sinplified dynam cs of energy state characterized by
char gi ng/ di schar gi ng power (i naudible) and (inaudible)
and efficiencies. These are round-trip efficiency or
one-way efficiences.

High Fidelity nodel generally nore conplicated
but provide several advantages as | will explain |ater.
When nodel i ng degradation effects, because (inaudible)
sonme degradation cost associated with energy storage
chargi ng and di schargi ng operation.

It can also be a nore conplicated
state-of-health nodel that is basically capture a | oss
of battery |ife and a degradation in performance such as
(i naudi bl e) capacity increase their |osses. A
(i naudi bl e) and integrated nodel is preferred in storage
eval uation study. | won't to be able to cover all these
nodels today. | will talk alittle bit nore about
hi gh-fidelity nodel s next.

Constant-efficiency nodels are sinple to use,

but they are several limtations. So let nme spin the
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idea of using this 1 negawatt/ 3.2 negawatt hour, UET

vanadi um fl ow battery as an exanpl e.

And here are the actual perfornmance curve.
And horizontal is the state of charge, SOC. The Y axis
is the change of state of charge per hour. And the red
(i naudi ble) are for charging and the blue one for
di schar gi ng.

As can be seen here, the charging/discharging
capability varies state-of-charge |levels. The anobunt of
energy that can be extracted fromthis battery depends
on di scharging power. For exanple, we can only obtain
2-megawatt hour when di scharge at 800-kilowatt. Losses
al so vary based on state of charge -- state-of-charge
| evel and al so chargi ng/ di schargi ng power |evel

Al'l this performance characteristics cannot be
fully captured by constant efficiency nodels. And here
are the general nodels that battery represented the
capability of energy storage. It can be either sone
anal ytical (inaudible) or table. W conpare the two
nodel s in eval uating energy upcharge wth energy
(i naudi ble) profiles in the Northwest region. Here is
the conparison results as can be seen. The difference
Is quite significant in this case.

So how can we construct of nonlinear nodel

besi des using data from manufacturer. W have test and
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eval uati ng several energy storage systens in Washi ngton

state, and here is an exanple for the two-battery system
i n Snohom sh PUD

This picture shows the first system which is
the 2 megawatt/1 negawatt hour |ithiumsystem And
there is another battery systemwhich is a 2.2
nmegawat t / 8 negawatt hour UET system W have coll ected
testing data all (inaudible) seasons to evaluate a
performance and the (inaudible) and performance into
(1 naudi bl e) .

The collecting the data include the power
nmeasured at battery on a grid-coupling point. Battery
on direct current and voltage, and also state of charge.
The gradi ent boosting maching al gorithm was used for
ranki ng predictor inportance and determ ning
co-efficients.

This feature conpares the root-nean-square
devi ati on of nonlinear and linear high fidelity nodels
based on neasurenent of performance. As can be seen
t he nonli near nodel generates smaller (inaudible) and it
can nore accurately describe the performance especially
for the (inaudible) tool, the flow battery system

Al'l ow an energy storage nodel, describes how a
system can be operated. Optinmal (inaudible) is required

to determ ne the best way to operate the system and
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thereby to maxi m ze the potential benefits considering

t wo- di mensi onal (i naudi bl e).

The first is the (inaudible) value streans as
different services conpete for limted capacity. The
second is the intertenporal (inaudible). For exanple,

di scharge nore energy per hour, less is available in the
next hour. More frequent operation in (inaudible) year
reduce the cycle in future years.

(I'naudible) to formulate an (i naudi bl e)
opti mal di spatch problem for determ ning storage
operation and estimating potential benefits. This
feature shows how energy storage can be di spatched today
considering different boundary and services. A general
eval uation tool is generally required to define
techni cal achi evabl e benefits.

To optimal (inaudible) on a dispatch storage
system information such as |oad and energy prices are
required. In real world, we don't have (inaudible);
therefore, operational (inaudible) need to be considered
in evaluation studies to a (inaudible) maintain the
benefits.

There are several nethods to handl e
(inaudible). One of themis the policy-based dispatch.
This nethod consists of two steps. The first stepis to

determ ne energy storage is engaged or not on the
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operation day based on the probability of the events and

al so sone predeterm ned thresholds. Once the dispatch
is triggered, the nodel for (inaudible) control wll be
carried out using the expected val ues.

(I'naudi ble) is proud of performance of
different thresholds and identified optinmal (inaudible)
to maxi m ze the net benefits.

Normal Iy, in evaluation studies, we ultimately
di spatch energy storage to nmaxim ze benefits. These are
for energy storage owner. All for (inaudible). There
was an interesting case, the (inaudible) utility on a
U.S. Arny base, how (inaudible) project. The Arny | ease
the land to utility. |In return, the utility wll
install (inaudible) energy storage and used themto
benefits (inaudible) utility Arnmy.

Since, in this case, there are two objectives.
There does not exist a single optimal solution that
si mul t aneously nmaxi m ze both objectives. The goal here
Is to approximate a Pareto front as illustrated in this
picture. The blue dots on the Pareto front are all good
solutions. As (inaudible) objective cannot be further
i nproved wi thout conprom sing the other. The blue dots
inthis red circle are not good solutions as the
benefits can be inproved in either direction.

Scal ari zi ng nmet hod can be used to convert the
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probleminto the single objective optimzation problem

Each can be sol ved by many exi sting software.

For optimal sizing problem there are three
ki nds of approach. The first is to fornulate a | arge
optim zation problemw th size as decision vari abl es.
The second is bi-level optimzation. In this nethod,
the lower level is the evaluation for given size of
storage system and the upper |level will be sone
al gorithns searching for the optinmal size based on the
return to benefits fromthe | ower |evel.

The searching al gorithmcan be sone gradi ent
based net hod (i naudi bl e) al gorithm of (inaudible)
optim zation

Finally, analytical nmethods can al so be used
to determne the optimal size. The nmethod can al so have
(inaudible) to identify key factors that wll affect
econom ¢ sizing. For exanple, this figure shows
(i naudi bl e) space can be divided into different
divisions wwth different cost (inaudible). And this
figure is (inaudible) battery cost of space for
(1 naudi bl e) .

Here is sonething nore about bi-Ievel
optim zation. So, as | nentioned, bi-level optimzation
can be naturally applied to sizing problem as

illustrated in this figure. As well as the battery
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sizes and the annual benefits you can dispatch

(i naudi bl e) exchanged between two | evel s.

There are al so sonme ot her val uation studies
that (inaudible) fall into battery optim zation, but it
can be restructured for use in this technique to speed
up solution process. So, for exanple, integrating
st at e- of - house nodel into evaluation. W have a super
| arge optim zation over multiple years. This is
chal  engi ng to sol ve.

W can't restructure the problemas the
bi -1 evel optimzation with the state-of-house boundary
conditions of a period and also retain the benefits of a
single period is changed between the two | evels.

Two- st age stochastic progranmng is a
framework for optimzation that involves uncertainty,
and can be using for sizing problem

The first stage is to nmake here and now
deci sions before the realization of uncertain paraneters
is knowmn. After the second stage, making a deci sion
after the first stage and after a random event occurs we
make a decision for the best outcone.

To solve the problemnnunerically, probability
distribution and a finite nunber of possible
realizations can be used to generate -- to generate a

determ ni stic equival ent of the stochastic problem
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Based on this franmework, (inaudible) a

stochastic sizing nethod for mcrogrid (inaudible)
i ncluding not only this patchwork (inaudible)
di stributed (inaudible) but also energy storage.
Consi dering not only systemresiliency, but also the
cost and al so the potential econom c benefits.

So (inaudible) problem the first stage is the
pl anni ng stage to nmake a decision on investnent with
(i naudi bl e) say sone | oad renewabl e generation, starting
time on a duration and so on

The second stage is the operating stage
depending on DER size. Utinmately, this patch is
carried out in each of scenarios, in both grid-connected
and i sl and node.

So we have devel oped a nunber of tools at
PNNL. | will (inaudible) in this presentation.

The first event is Battery Storage Eval uation
Tool or BSET. This is a desktop application originally
devel oped in to (inaudible) searching as Dr. Inmre Guyk
explained it (inaudible) nultiple value stream
especially for (inaudible) integrated utility
envi ronnent .

And the user can determ ne the optinmal size
based on the selected of audio stream and the cost

paraneters. And here are sone screen shots of the input
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and output of the GU. So far this has been (inaudible)

to (inaudible) in the U S

During the past few years we have inproved
these (inaudible) these individual capability, such as
(i naudi bl e) energy storage nodeling, state-of-house
nodel , under these (inaudible). W are currently
wor king to devel op a wi de based (inaudible) with the
i mproved (i naudi bl e).

So here is tool called Energy Storage
Eval uation Tool, or ESET. This is a platformconsist of
set of (inaudible). It based on nodul ar structure that
facilitates nmai ntenance and expansion. W al so adopted
encapsul ated environnent - based docker, as illustrated in
this picture.

W have docker for nodeling and autom zation
(i naudi bl e) per application. W also have generic
docker for the information exchange (inaudible). Wth
t he docking environnent we are able to elimnate the
need for customer sizing.

W al so separate -- separated data and
application to inprove the data security. Finally, the
dynami ¢ GJI provides an interactive interface for easy
configuration and settings.

So the two is currently hosted on the PNNL

server and here is the address of the tool.

www.LexitasLegal.com/Premier  Lexitas 888-267-1200




© 0 N o 0o b~ w N

N N NN NN R R R R R R R R R R
a A W N B O ©O 00 N oo 0o M W DN +—» O

Video Transcription - September 22, 2020

61
There are currently two applications within

ESET; MASCORE and the P2G.  As | nentioned, the
web- based ESET and BSET is under testing and shoul d be
avai | abl e in October.

MASCORE is a tool to all ow energy manager for
| arge industrial and institutional custoner to sel ect
size and operate on a mcrogrid asset to enhance both
resilience and econom ¢ performance of the system The
(i naudi bl e) was devel oped based on the stochastic sizing
nmet hod as presented earlier.

But the other app is for evaluating power to
gas system into (inaudible) for gas production and
transport while providing ancillary services and demand
response considering potential clean energy incentive.

Model s are added to capture operations
associated with the production, conpression, storage and
nmet hanati on of hydrogen (inaudi ble) econom c
assessnents.

So these apps are created straightforward to
use, no need to install anything. So maybe | can spend
a coupl e of mnutes quickly show you how to use the
t ool .

So here is the website and our register
account. So here is ny dashboard. So here are sone

exi sting project analysis | have created. And to create
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a new one you sinply click either app and give it a

nane, so you will generate a case.

So |l et me quickly open, for exanple, MASCORE
project already created. So in its case, users can
either try to maxi m ze (inaudible) given the budget
constraints. | will try to maxi mze the net benefits
gi ven the (inaudible) constraints and we put sone
default value, but user can easily nodify those val ues
and there many different options.

For exanple, you can choose to either enable
the intra-hour variable nodeling. Wether you enabl e an
active load in greater econom c node, so if you have
hi gher demands you will see sone additional information
on each field. Users can use default value. Are they
saved on the server or they can upload sone they are
custom zed the (inaudible).

The (inaudible) different configuration of
m crogrid (inaudible) configuration, |ike, they can, for
exanpl e, exclude distributed generation, and (inaudi bl e)
automatically exclude that fromthe input and out put.

And here are sone exanple of the output.
Basically user (inaudible) sizing on the evaluation
results. These are on the DER sizes all the benefits
fromdifferent surveys. And you can use a check

di fferent anounts of peak | oad (inaudible) near the

www.LexitasLegal.com/Premier  Lexitas 888-267-1200




© 0 N o 0o b~ w N

N N NN NN R R R R R R R R R R
a A W N B O ©O 00 N oo 0o M W DN +—» O

Video Transcription - September 22, 2020

63
investnment. And you can al so check the detail ed

operation of different assays. Are you consum ng too
much or downl oad the data, or select, unselect different
profile.

So here is the exanple for P2G which is nore
conplicated because we have so nmany inputting
information, and also financial analysis paraneters need
to be considered. As | nentioned, as you can see there
are two general pathway. |If a user is only interest in
one of them they can al so uncheck those pat hways and
the input interface becone a little bit cleaner.

So for the output we have detail ed econom c
analysis results, like, for exanple, including the
(i naudi bl e) along different pathway or transportation
fuel benefits. W also have the operational cost for
di fferent conponent throughout the year.

So, please, give it a try and your coments
and feedback are wel cone.

Finally, we are thankful to Dr. Inre Gyuk and
the Bob Kirchneier for providing the financial support
and the | eadership. So thanks for your attention and
your questions and conments are wel cone.

MR. BYRNE: Al right. Thank you, Di. Right
now we don't have any questi ons.

Wul d anyone Iike to enter sonme questions for
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the previous two speakers -- or three speakers?

kay. Lacking any questions, we'll turn it
over to G ovanni Damato fromthe Electric Power Research
Institute and he's going to give us an overvi ew of what
EPRI is working on as far as energy storage val uati on.

MR. DAMATO  Thanks, Ray.

Al right. WlIl, today I'mgoing to be
tal ki ng about EPRI's work in energy storage val uation
simlar to the last three speakers in the workshop. And
I'"'mgoing to focus on EPRI's new DER-VET tool, which if
sonme of you were at the previous few summts,
nmentioned it briefly, but I'"'mgoing to go into nore
detail wth sone additional case studies with the
DER- VET t ool

So | always like to start out with sone of the
chal l enges to nodeling. | think a lot of these were
addressed in one way or another in the past few
conversations before ne, but, you know, it's inportant
to point themout, because | think the tools need to
consi der these issues and address them as well.

So No. 1, you know, a lot of the rules and the
regulations -- they're still in flux and they're going
to be for the foreseeable future, so the tool needs to
be fl exible enough to address those -- those issues as

they cone and be extensible and fl exi ble enough to add

www.LexitasLegal.com/Premier  Lexitas 888-267-1200




© 0 N o 0o b~ w N

N N NN NN R R R R R R R R R R
a A W N B O ©O 00 N oo 0o M W DN +—» O

Video Transcription - September 22, 2020

65
to them as the rul es update and change.

The other big thing and we saw this before,
you know, we hear the buzz word of benefit stacking or
service stacking, a lot, but, you know, a key issue to
address when nodeling storage is really, you know, how
do you practically stack those benefits, you know, when
those systens are deployed in the field, and how do you
reflect those practicalities in the nodeling tools.

So, yes, you know, there's a |ot of buzz
because nore services for energy storage |ikely nean
nore val ue, but on the other hand, nore services also
mean nore requirenents, so we like to really focus on
how t hose requirenents can be satisfied if they can be.
And then that's reflected in the nodeling results.

Anot her issue -- and we've seen this
t hroughout this hour is that to do energy storage
eval uation, you really need site specific values and
data to be able to cone up with accurate project |eve
results, so that adds sone chal |l enges to the nodeling.
And t hen everything needs to be co-optim zed together,
so it's kind of a conplex exercise in the nodeling
between all the technol ogy constraints, the service
constraints, and the objective that you have, either
economic or reliability, et cetera.

And | nentioned, you know, |I'mgoing to talk
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about how EPRI's addressing these challenges wth

DER- VET, which the beta version | aunched back in April

of this year, and it's avail able for downl oad now. And
we're targeting the beginning of 2021 for the full

rel ease. So, you know, be -- prior to the end of the
first quarter 2021, and, you know, it rests on the

shoul ders of the StorageVET tool, which EPRI released in
2016 as version 1 and rel eased a second v.2 in 2019.

And, really, DER-VET does everything that Storage can
do, but also includes |ooking at a portfolio DERs, which
we think is really inportant to the nodeling

envi ronmnent .

So just a little bit conceptual overview of
DER- VET. You know, there was sone key drivers behind
it. One of themwas it was funded by the California
Energy Conm ssion. So that's how EPRI is expandi ng
StorageVET in all DERs, and also has a mcrogrid
conmponent .

So when you have a portfolio DERs you can al so
| ook at addressing reliability and resilience. And that
can be, as you can see fromthe center of this slide,
ei ther custonmer val ues, so those types of val ue streans,
or on the transm ssion and distribution are the utility
side of the grid, as well. So there's that

mul ti - perspective capability that was in StorageVET that
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is now also in DER-VET as well in the EPRI tool suite.

And al so you can | ook at a conbination of those, as
wel | .

So, you know, if you're sided on the customer
side of the neter, there's certain services that a
custoner sided storage project or set of DERs can al so
address for the utility side of the neter as well.

And agai n, you know, for nore background on
the tool in ternms of docunmentation, and then also the
downl oad instructions and help Iinks and the -- to help
with the user group and the asking questions and things
li ke that, you can go to der-vet.comfor nore
i nformation on that.

So this just -- this slide gets into a little
bit nore detail. | nmentioned nost of it, but down there
at the bottom!| think it's inportant to tal k about the
target users. So it's everybody fromindividual
custoners, you know, a community of custoners; that
could be like a comunity mcrogrid or a co-operative
utility, et cetera.

And al so, you know, the third-party devel opers
out there, and the investnent community |ike yoursel ves,
as well as, the utilities, for | ooking at energy storage
on the -- either on the utility side of the neter or

progranms on the custoner side of the neter, and | ooking
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at that as a whole, and also community mcrogrids. And

then, of course, at the state |l evel with conm ssions and
regul atory bodies, as well, including I SGs and RTGCs.

And we have a pretty good representation of
all these types of users for both DER-VET and
St or ageVET

So | nentioned that I'mgoing to do a focus
here in the last part of this deck on case studies using
DER- VET. But here are just a couple of screenshots of
ki nd of what the tool |ooks like, so there's a -- for
DER- VET there is a GJ in the beta version that's
available to the public now It's kind of a web browser

based doing, the final version wll be alittle bit nore

feel like an app and easier to install, so we're | ooking
forward to that. But, in general, it will hopefully be
pretty straightforward for the user, like |I said, to

install and use.

And then on the right-hand side here you can
see sone -- sone outputs, you know, in terns of high
resolution of detail in tracking what the -- either if
it's standal one storage or a portfolio DERs, you know,
and this one is just focused on the storage here for
sinplicity. But, you know, state of charge across a
whol e year or nmultiple years of dispatch, what the

battery is doing in terns of services. So either
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provi ding energy or providing capacity so you can see

that the -- the energy or the area under the curve there
in that second graph and the arrows are capacity
reservations for either providing regulation or spin or
nonspi nni ng reserve.

You can | ook at the price signals as well and
also if there is a load that you're looking at, it wll
al so address that as well either on the custoner side of
the neter or if you're trying to do a T&D upgrade
deferral

So here's just a few nore ways to get involved
now, with DER-VET and al so StorageVET. | already
menti oned those links. But we also have the energy
storage integration council, which is a couple thousand
participants strong across the industry in lots of
di fferent stakehol der representations and it's free to
participate. And if you aren't already on the
distributions list, you can do that here at the top and
send an e-mail to esic@pri.com

And, you know, | nention that because we have
a regular nonthly neeting -- task force neeting where we
focus on DER-VET and StorageVET. Tal k about new
features, how to use the tool, answer questions and
things like that. So it's a great way to get started

and stay engaged and help us craft the next versions of
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DER- VET.

So, actually, I will go back one and j ust
mention briefly that, you know, this is a publicly
available tool. So just like ESIC, you know, free to
join, DER-VET and StorageVET are also free to the public
and open source as wel|.

Now, let's nove into sone case studies. So |
have one transm ssion case study to nention and then a
couple of mcrogrid case studies; one behind-the-neter
and also one in front-of-the-nmeter. And all of these
are energy storage enabl ed case studi es.

So, first of all, on the transm ssion and
distribution side, so in EPRI for the |ast couple years,
we' ve had an energy storage anal ysis project going on
with 14 different hosts across North Anerica and al so
i ncluding South Africa, where we've | ooked at using
DER- VET al ongside with other tools, |ike power flow
anal ysi s, production cost nodeling, things like that, to
hel p answer site-specific energy storage project
guestions, either on the transm ssion side or the
di stribution side of the grid.

And, actually, we've done a few cases on the
custonmer side as well for sone of the -- those utility
host nmenbers on that map. So, you know, it's -- it's

kind of a nulti-step process, and DER-VET fits into this
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in many ways. So on the transm ssion and distribution

assessnent, so typically, you know, the utilities are
bringing in sonme sort of, you know, circuit nodel and we
use tools to help analyze that. And then we can
hi ghli ght the issues and we can kind of, as you can see,
you know, the red hot zones where there's potenti al
I ssues, maybe sone potential issues |ater as | oad grows
or as PV increases on a feeder or a circuit in yellow,
and then maybe no issues.

And we help the utilities to figure out, you
know, pinpoint |ocations where energy storage or a
conbi nati on of energy storage and other non-wire
sol utions can address the problem

And then we dive into the details of how
energy storage could address that particul ar need, by,
first of all, neeting or exceeding all the requirenents
to provide those services and address the issues. And
al so, you know, what are the econom cs of the
alternatives, as well. So, typically, we |ook at what's
t he conventional solution conpared to installing energy
storage or energy storage plus other DERs.

And one exanple of this that | picked here is
in Los Angel es Departnment of Water and Power. | picked
this one, one because we were going to be in California

in person, but we're virtual. But also because it's
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sone details are -- and the report are publicly

avai l abl e on a white paper, so you can | ook nore deeply
intoit if you'd like.

So we're really doing two maj or projects for
them One of themis market service participation with
energy storage plus solar PV, and | ooking at the market
services of energy arbitrage, or energy tine shift,
frequency regul ation, spinning reserves, and resource
adequacy capacity.

So you know, this particular case we're going
to focus on today. One, because it's, like | said, the
details are in a publicly available white paper. And
also it has, you know, LADWP and EPRI work together and
based on, you know, the analysis we did with StorageVET
and DER-VET to help themunderstand the project, it's
now i n execution node, so it went into RFP, the
(i naudi bl e) project, which is one of the | argest solar
pl us storage projects in the world, so it's kind of
exciting to see that start hel ping fromthe begi nning
and getting that through to the execution phase.

We're also kind of in the mddle of hel ping
themnore on a longer termproject. Since they do have
a hundred percent RPS targets and aggressive energy
storage targets and sone unique issues with -- in the LA

basin versus out of the LA basin and their service
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territory, we're helping themw th how energy storage

hel ps them address |l ots of different issues.

Now, let's just dive into the solar plus
st orage project.

So this cane out of what's called Senate Bil
801 in California and it required LADW to | ook at
putting in energy storage. They've |ooked at solar plus
storage, and that's kind of one of the reasons why we
expanded StorageVET to DER-VET to include all DERs,
because this is something we see as a trend of, you
know, standal one storage is not sonething that we
necessarily look at a lot in isolation. W're always,
you know, conparing it to nultiple alternatives, or
maybe a conbination of alternatives like this particular
exanpl e.

So this | ooked at a 100 negawatt, 4-hour
battery paired with a 200 negawatt solar system And we
al so needed to | ook at capturing the Federal I|nvestnent
Tax Credit for both the solar and the storage.

And you can see in the top right, there are
many di fferent cases that we took a look at in terns of
what services it would provide, and seeing how that
woul d i npact the valuation of the project. It went, you
know, we included energy tine shift and spinning reserve

for all the cases. W also |ooked at restricting
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charging fromthe grid, you know, based on the |ITC

restrictions and al so sone other potential services
unique to LADWP as to when it could di scharge and charge
and al so providing frequency response for the basin -- |
shoul d say for the LADWP service territory.

These are sone of the outputs, you know, just
diving into sone of the weeds on those different cases.
This is just a day in January where you can see, you
know, with storage not having kind of -- only having
sinple constraints on when it can charge, and then -- on
the left, and then on the right you can see a nuch
different outcone for the sane day, sane set of data
when we restrict charging fromthe grid, as well. So
it's only charging fromthe PV profile and it's
following that PV profile. So it's kind of a sinple
exanple that gets into the details.

And then you can see here kind of broken down
by start year, so LADW asked us to | ook at, okay, did
this PPA project, the (inaudible) project, although we
didn't know it was them when we were doing this, but if
the bidders started their PPAs in 2021, 2022, and 2023,
you know, based on cost projections of the energy
storage and PV al so adjustnents for the benefits, so the
service prices. W saw that starting in 2022, all the

cases had a benefit-to-cost ratio of over one, and, you
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know, that's one of the reasons why LADWP noved forward

with that project and it's in execution now.

So now I'mgoing to tal k about a coupl e of
storage enabled mcrogrid case studies. One of them
bei ng on the custoner side of the neter, which happens
to be mlitary installations for -- with sone DOD
projects, and the other is in Southern California Edison
territory, which was a utility side of the neter
m crogrid.

So the first one we'll talk about is the DOD
mcrogrid, but, in general, you know, we |ook at with
DER- VET, the -- obviously, the technology mx we're
interesting in. So DER-VET can | ook at a whol e range of
DERs. In this particular case we | ooked at energy
storage plus solar, and energy storage plus solar plus
di esel gensets in islanded node, and -- but, in general,
DER- VET can | ook at, you know, denmand response, electric
vehi cl es, other types of distributed generation, either
fossil fuel, or renewable fuel generation, w nd, et
cetera, controllable |oad.

And then, you know, once we understand the
obj ectives of what kind of DERs we want to | ook at, then
we can go into the sizing and operations. So in this
case in a mcrogrid, you typically have a primry

objective of resilience or reliability. So being able
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to cover an outage, for exanple, and stay up and running

and what's your probability of being able to do that
based on the outage | ength.

And then also, typically, there's economc
objectives. So for the, you know, 99 percent of the
time it's blue sky days, how can | reduce ny electric
bills or participate in other prograns to nmake noney,
and | ooking at the cost effectiveness of doing a
cost-benefit analysis of the entire project fromthe
capi tal expenses to the operating expenses, replacenent
costs, et cetera, and bringing that dowmn to a net
present val ue, CBA

So, you know, | nentioned that, you know, we
| ooked at in this exanple sone mlitary installations.
They have a very -- obviously, a very high reliability
target. They need to be up and running no matter what
the potential issues. So they had -- and also a very
long reliability or resilience target of 168 hours, so a
7-day target.

And al so, you know, what we had to do was nake
sure that the -- when we | ooked at a storage enabl ed
m crogrid versus the conventional diesel generator, we
had to make sure that the -- first of all, that the
reliability or resilience was equal to or greater than

t he conventional solution. And also |ook at the total
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life cycle costs and conpare those.
These are the five -- we actually | ooked at
five sites. You can see on the map here. |I'mgoing to

just do one particular exanple to get into the details.

You know, we | ooked at the base -- or the
mlitary installation conditions. So the |oad shape,
the size of the |oad, the critical |oad shape, the
solar, and the other assets avail able and sone of the
ot her conditions. Then |ooking at the, you know, bl ue
sky days of the secondary services of hel ping them
reduce their electric bills, and also, in sone cases,
dependi ng on which of the five sites participate in
whol esal e markets, and | ook at the, you know, the
trade-of fs and the rul es anongst those five sites.

And the storage technology that we | ooked at,
at least in the exanple slides here, is lithiumion;
al t hough, we al so | ooked at flow batteries, as well, for
this project.

So this is just, you know, you can see a
mlitary base typically is a pretty large |oad, although
it does vary fromsite to site, just |ike anywhere el se.
But this exanple is a 14 negawatt |load with a 4 negawatt
critical load. They had 7 diesel generators and
50, 000 gall ons of diesel available. They also had

830 kilowatts of PV on-site. And other than the

www.LexitasLegal.com/Premier  Lexitas 888-267-1200




© 0 N o 0o b~ w N

N N NN NN R R R R R R R R R R
a A W N B O ©O 00 N oo 0o M W DN +—» O

Video Transcription - September 22, 2020

78
resilience objective, we were | ooking at, you know, what

can we do in ternms of bill reduction, and al so
participating in the market.

So I nentioned, you know, we focused on
lithiumion as the base case technol ogy, and we al so
| ooked at flow batteries, but we weren't able to put
those in the slides here today, but it was a simlar
exercise as well.

You can see kind of sonme typical assunptions
here for the -- for the lithiumion batteries. And then
we had performance objectives based on the base case.

So this curve on the | eft shows, you know, the
probability of covering X nunber of hours. So you can
see that with diesel generators as the outage gets

| onger and | onger, the probability of being able to neet
that outage drops. On the right you can see kind of the
nunbers there. How the probability changes. And al so
what the costs were for the baseline to cover the | oad.
That's all the -- the CAPEX and operating and

mai nt enance cost of the diesel generators.

So now noving forward to the storage-enabl ed
mcrogrid. W want to take a | ook at how do we
achieve -- neet or exceed the technical reliability
requi renents and al so can we reduce cost.

So here you see the running DER-VET. W were
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able to reduce the nunber of gensets for that 7-day
outage down to 5, and install a 4.3-kilowatt, 4-hour
battery -- I'msorry, 4.3 negawatt, 4-hour battery. And

al so be able to do bill reduction as the secondary
services, as well.

And then you can see on the reliability side,
internms of the probability of outage coverage. This
blue line | showed you before with the [ithiumion, you

can see that it's a nmuch hire probability of covering

those outages. So that net that objective, as well, and
these cone out of -- these are outputs from DER-VET, as
wel | .

And then you can al so see we | ooked at
costs -- or net costs, | should say, and you can see
total NPV of the net cost. So by net cost, | nean, that
we're netting out any reductions in bill savings, et
cetera. You can see that the solution was about
$4 nmillion cheaper over the 20-year project life. And
al so just the netric of annual dollar per kilowatt peak
of critical load. W used that as well. You can see
that it was left to serve that each kilowatt of critical
peak | oad, as well, using the storage-enabled mcrogrid
sol uti on.

And this occurred across four of the five

other sites, as well. So you can see here each one of
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t hese groupi ngs shows the baseline case with just diesel

gensets and/or PV -- or | should say not and/or; sone of
them had PV, sone of themdidn't on-site. And then the
i nvest mrent case of including storage and reducing the
nunber of gensets.

So we al so | ooked at, you know, cases using
DER- VET on not the custoner side of the neter, but on a
community level mcrogrids or utility mcrogrids. And
in this case in Southern California Edison territory, or
SCE, we | ooked at focusing on, you know, a solution of
being able to mtigate high public safety power shutoffs
starting in 2019 in this area in Southern California
where they had multiple days where they were shut down
because of wild fire mtigation.

And they also -- SCE didn't want -- needed to
follow the guidelines in California pushing for
m crogrid solutions that woul d be renewabl e-focused and
reduce GHGs and not just be diesel generator sol utions.

So what we did was we | ooked -- we brought in
DER-VET to help with, OCkay, what would be the optinal
storage plus PV mx to satisfy a 24-hour outage at this
utility feeder with a group of custoners, and also a 48
hours, and 1'll zoomin to the 24-hour solution here.

And of course | ooking at the financials as

well. Sorry about that. So SCE hel ped us with finding
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this feeder, they canme to us with the question. And

they picked it, as | said, there were a | ot of PSPS
events because of wildfire mtigation, and these
custonmers, 137 of them wth a total of 2.2 negawatt

| oad were experiencing a |lot of outages. And this was
nostly commercial/industrial circuit, not residential.

So we took a ook at the solar irradiance to
help us with what's the probability of covering those
24- and 48-hour outages. And |ooked at what the upper
limt of how nuch land that we had to work with or
surface area. And then also we were told we could
curtail the PVif we had to, and we | ooked at options
where we did and didn't. And then al so sone assunptions
about the operation and energy storage and bei ng ready
for the PSPS events, which are called -- so you have a
head start notification.

So, you know, here's sone of the results. So
you can see, you know, this kind of shows how t he node
was -- the workings in the nodel internally of DER-VET
of co-optim zing the size of the battery and the PV
system so you can see these curves on the left and the
lot -- different color lines assune different
dependability of the PVs.

So the top one is a hundred percent. You

assune you get a hundred percent of the PV and then al
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way down to O percent as the PV output for that 24-hour

event. You can also see that it changes dramatically.

There's the knee points there of when you
reach the anount of energy -- or the anount of PV where
nore doesn't help you, and you start curtailing and
that's on the far right.

And then here you can kind of see here zoom ng
in on the peak day or one of the worst days kind of what
the load and PV profile is and then also the state of
charge, the energy storage at the bottomthere. You can
see how it's charging during the event, and then
di schargi ng down to zero.

And, you know, we took into account several
different inputs from SCE, as well as, kind of
conservative assunptions based on a typical lithiumion
battery system and PV assunptions, as well, for costs.
And had the objective of assumng with the
st orage-enabled mcrogrid that you would be able to ride
t hrough a hundred percent of the 24-hour outage, and
then -- and then also on the blue sky days be able to
participate in the (inaudible) narket for energy tine
shift and frequency regul ation, as well as, other
ancillary servi ces.

And you can see, you know, we had ot her

financial inputs as well. And then, in sunmary, you
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know, this when out to RFP at the beginning of 2020, but

SCE decided to hold off and put out this RFP again in
2021 because the costs were pretty high to cover this
24- hour outage, so to be continued on that. So with
that, 1'll stop there and see if there are any

guesti ons.

MR. BYRNE: Thanks, G ovanni. | do have a
question for you

So is there a close |linkage between DER- VET
and EPRI's distribution nodeling tool Open DSS?

MR. DAMATO Yes, there definitely is.

And when | tal ked about the T&D exanpl e.
Typically, we run Qpen DSS to hel p with understandi ng
the issue and characterizing it and getting, you know,
constraints and requirenents for providing a T or a D
service, so that depending on, you know, if it's on the
di stribution system Open DSS; if it's on the
transm ssi on system sone ot her power flow tools.

In working together then with DER-VET to
under st and, okay, these are the requirenents, let's put
t hose constraints into the DER-VET nodel, and then
optimally size the storage both for capacity and
duration, and then see, you know, also what its state of
charge is, inpacts to degradation, things |like that.

So that's how they link together. And there's
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actually a nodule in DER-VET that hel ps wth passing

that information back and forth, and some other tools,
as well, not just Open DSS.

MR. BYRNE: So for the transm ssion |evel
anal ysis, can you speak a little to what types of tools
you interface for that problenf

MR. DAMATO Right. So PSSE is one of the
primary exanples there. And also EPRI has a tool called
the Transm ssion Hosting Capacity Tool that's -- that
menbers can use that helps with running PSSE to create,
you know, tinme series data and things |ike that out
of -- out of the conventional power flow tools to help
us with characterizing the constraints and the
requi renents for a storage project.

MR, BYRNE: That's really cool. Okay. So
let's open it up to questions. |If you have a question
pl ease enter it into the Q%A box.

Ckay. So the first one from Frank Petricell
iIs: Are there case studies to conpare savings predicted
by these nodeling tools with actual achi eved savi ngs?

In other words, what's the performance record of these
nodel i ng t ool s?

MR, DAMATO | can junp -- | could junp in and

just tal k about our experience wth DER-VET and

StorageVET, is that we have done backward, you know,
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hi storical |ooking cases and we're adding to that |ist

all the tinme of, you know, |ooking at what DER-VET and
St orageVET woul d predict without the future information,
and then backtasking and conparing it to what actually
happened and what was achi eved.

So we are actively doing that and we have sone
projects in 2021. Two of them | think, that wll | ook
at market participation and al so the custoner side of
the neter as well.

MR. BYRNE: Ckay. And then for the Sandia
side, | guess one good exanple for us is the Sterling
Muni ci pal Light Department project that Inre nentioned
in his presentation, but there's an | EEE PS gener al
neeti ng paper from about 2016 that discuss the analysis,
and the actual results were very close to what were
predi ct ed.

So Di or Jan, do you all -- do you guys have
any exanples you can pull fromyour research?

DR ALAM So | just wanted to briefly nention
that al though the particular project or exanple that |I'm
tal ki ng about was not really to understand the
performance of the tool, but what we, you know, really
wanted to, you know, see what the benefits that we talk
about and when we actually go into the field and operate

the system you know, with all the practical

www.LexitasLegal.com/Premier  Lexitas 888-267-1200




© 0 N o 0o b~ w N

N N NN NN R R R R R R R R R R
a A W N B O ©O 00 N oo 0o M W DN +—» O

Video Transcription - September 22, 2020

86
constraints, how far we can go wth achi eving the val ue.

And we found that, you know, on certain days
and not being able to predict the performance of the
battery (audio glitch) including those in the control
strategi es can, you know, inpact the benefit and, you
know, the benefit that we evaluate or anal yzed at the
client in actual operation.

So that we have observed those type of things,
you know, as | nmentioned in ny presentation, as well, as
what's the difference between, you know, the eval uation
stage and the actual operation stage, and sort of
anal yzing those differences and feeding that back into
the sort of into the inplenentation stage and al so
anal ysts stage. So we have observed that -- that sort
of , you know, aspect. Not exactly froma tool
performance (inaudi ble), but sort of the controlled
study and user information, that's fromthat point on
(1 naudi bl e).

MR. BYRNE: Ckay. Tu, would you like to
comrent on that?

MR. NGUYEN: Yeah, | would like to add that
the nodel tools usually provide possible saving. In
ot her words, that's kind of the maxi mum potential. And
how that revenue is realized in practice depends a | ot

on forecasts, on energy (inaudible), and controls
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strategies of specific system So we try to provide the

maxi mum potential revenue and now we are also like to
provi de sone kind of average and | ower end of the
revenue too. So it's kind of |ike bouncing between
the -- between the | ower end and upper end, so that's
what we trying to do.

MR. BYRNE: Ckay. Thank you.

So do we have any ot her questions?

Al right. Wth that, | would Iike to thank
our esteened panelists. | think this has been a great
session. Energy storage nodeling evaluation is a key
technol ogy to enabl e w der depl oynent of energy storage,
and, with that, I'lIl turn it over to our host Richard.

MR. BAXTER  Thank you

So this is finishing up today's -- the Energy
St orage Val uati on Wbrkshop, and we will be conti nui ng
the Energy Source Financing Sunmt tonorrow at
10: 00 a.m Pacific, 11:00 a.m Muntain, 12:00 p.m
Central, and 1:00 p.m Eastern.

So thank you very nmuch, and we | ook forward to
seei ng you again tonorrow. Thank you.

(End of video Day 1.)

--00Q0- -
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ENERGY STORAGE FI NANCI NG SUMM T
SEPTEMBER 23, 2020
Day 2
--000- -
MR, CHAUDHRY: Hi, | think we're going to get

started. W have a nunber of attendees who al ready
signed up and | know we expect many nore to join soon.

My name is Rohit Chaudhry at Kirkland & Ellis.
And |I'mdelighted to wel cone you to the second day of
this virtual conference. W have a great |ineup of
speakers for this conference today.

The first day of this conference was
yest erday, and yesterday we focused |largely on valuation
i ssues for energy storage projects. Today, Richard
Baxter will kick things off with an overview of an
energy storage financing study. That we have two
di sti ngui shed keynote speakers who wll be presenting
today. W have Janea Scott who is the vice chair and
conmmi ssi oner of the California Energy Conm ssion and we
have Eric Hsieh, who is the Director of Gid Systens and
Conponents at the U. S. Departnent of Energy.

W follow these two keynote panels with
further remarks from R chard and then that will | ead

into two panels that we have today. W have a nmarket
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outl ook panel that's going to be noderated by Bob

Fl ei shman at Kirkland & Ellis, and then we have a
capi tal providers panel which is going to be noderated
by Brian Greene of Kirkland & Ellis.

As | nentioned in ny remarks yesterday,
there's been a trenmendous surge of energy storage
projects already in 2020. There was a Wods Mackenzi e
study which projects that by 2025 the total depl oynment
capacity of energy storage projects is going to be about
7 gigawatts, which is seven tines -- a seven tines
i ncrease of the level of energy storage capacity
projects to date. Which, of course, will require a
tremendous anount of investnent, which wll make today's
panel s and today's presentations extrenely interesting.

Wth that, | should nention, as a technical
matter, that this session -- all the sessions today are
going to be recorded, so everything is on record today.
And, with that, et ne turn it over to Richard Baxter
for his wel cone remarks.

MR, BAXTER: Hello, and wel cone to Day 2 of
the DOE Energy Source Financing Summit. As Rohit had
nmenti oned, yesterday was the workshop day. Today is our
summt -- or the panels. And so let's start a few
things here. So let's see, okay. So here we go.

And -- well, that was Rohit, and this is ne.
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So alittle bit about the summts -- or the

financing studies. Wat we're trying to do is figure
out a way as the Departnent of Energy has been worKking
to devel op the technol ogy and inprove that helping with
the commercialization requires both taking that
technical analysis of the different technol ogi es and
then market analysis to figure out a way to show the
commerci alization -- the bankability for the
commer ci al i zati on.

So, you know, reducing the barriers to entry
for both new technol ogy, but al so new groups wanting to
cone in at various points throughout the industry. This
al so includes, especially for energy storage, helping to
understand and providing greater transparency for both
t he technol ogi cal performance issues and the project
risk.

And so as we had nentioned, the studies they
ki nd of break down into three parts; that we have the
wor kshop and the sunmits, and then we pull them together
into a full report. And, as you can see, this is the
fifth report that we've been working on. |'ve been
wor ki ng on. And as we have done it through the years
| ooking at the different issues that are big challenges
for the industry and pronoting conversati on.

Here is the outline of generally what [I'm
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going to say, you know, in the report, you know, | ooking

in the operations and trying to define a little bit nore
of the market roles and the operating expenses.
Basically for a | ot of other people who are not experts
in the industry to give thema basis for conversation
when they talk to sone of the other people who have nore
know edge.

And then | ooking for the strategy, the cost
and revenue inpacts, perfornmance inplications, and then
based on the research, based on the -- especially the
interviews and conversations | had with people in the
i ndustry, such as you, we can figure out a role of what
ni ght be needed to hel p pronbte nore and better
operations and strategy for the industry.

Again, here we just had the summt. This is
actually the 9th summt that we've done, and we've
usual ly been trying to do one in San Francisco in the
fall, and then New York in January.

And let's see. So today | said we're going to
talk alittle bit about the cost and revenue, you know,
how -- issues about operating systens and how t he
evol ving markets are going to be inpacting what type of
roles the different technol ogi es and different projects
can operate.

For this, and to give us to detailed, first
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we're going to start off with two keynotes to get sone

incites into both California and Departnent of Energy,
so vice chair Janea Scott fromthe California Energy
Conmmi ssion, and then Eric Hsieh fromthe U S. Departnent
of Energy wll be the keynote, and we'll be follow ng

along like this pattern here.

After Eric is having his keynote, we'll take a
break, and then we'll come back for panel 1 and panel 2.
So with that, | would like to stop sharing ny

screen. GCkay. And there we go. And turn it over to
Vice Chair Scott.

M5. SCOTT: Excellent. WIlIl, good norning
everyone, or good afternoon dependi ng on where you're
dialing in from |It's nice to see everyone, and I'm
really happy to be back for a second year in a rowto
talk to you all. Let nme pull up ny screen share for you
to go through our slides. | hope | picked the right
one. Share. ay. And hopefully soneone will junp in
with the comments if | did not do that appropriately.

MR, BAXTER: You are good to go.

M5. SCOTT: You can see ne? Ckay. Geat. |Is
my very first slide is just to say again good norning
and how happy | amto be here with all of you today.

Ckay. Gve ne just a second to get that one

slide. There we go. Gkay. M apologies. | got this
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technol ogy thing down. So | just want to kick us off

this norning with a little bit of California context.
And, as you all know, we have been experiencing quite a
bit of wldfire and we've had sone extrene weat her
events with our August lightening siege here in
California.

So Governor Newsom has asked the nmenbers of
his adm nistration to | ook into accel erating
California's efforts to decarbonize. And this effort
continues apace. |It's been ongoing all of this tine.
And actually froma press release that | saw just this
norni ng, there may be sone announcenents comn ng al npost
simul taneously here with ny talk. So please do keep an
eye out on Governor Newsoml's press web page to see what
will be going on in California.

But one of the things that we all know is
energy storage projects are going to be critical in
supporting the resilience that we need in California,
and al so the continued operations of infrastructure and
equi pnent across our grid. W also know that devel oping
energy storage will not just strengthen the grid, but it
can do so at a | ower cost and a | ower carbon footprint.

So, in California, what we're trying to do is
make our way to a hundred percent clean energy standard.

And our policy requires renewabl e energy and zero carbon
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resources to supply 100 percent of electric retail sales

to end-us custoners by 2045. The California Energy
Commi ssion is working in coordination with the Public
Utilities Comm ssion and the California Air Resources
Board as well as with the California |Independent System
Qperator to conplete a joint agency report that

eval uates the 100 percent zero carbon electricity
policy. And that report is underway and it should be
conpl eted by January of 2021, so please do al so keep an
eye out for that.

My next slide here shows sone of the goals
that we are | ooking to help advance. | oversee the
Energy Conm ssion's research program And wi thin that
we are working to hel p advance sone of California's
cl ean energy goals and we're doing that through a few
different efforts.

One is we're | ooking at decarboni zati on and
t hat includes advancing our clean energy supplies and
ensuring that the grid is able to accommodate the cl ean
energy supplies with things like load flexibility.

We're also | ooking to address affordability
and equity challenges to ensure that all Californians
are participating in and benefiting fromour clean
energy future and naking sure that we're not | eaving

communities behind as we nake that transition. W're
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al so working to build a nore resilient energy system

where we can better anticipate the risks that we think
are comng, and also ways to | ook to manage the risks.

So the Energy Conmm ssion has a long history of
researchi ng new and i nnovative energy storage
technol ogi es, and our efforts have really supported
seeding California's storage industry.

The research that the Energy Commi ssion is
carrying out focuses on a range of storage from al
kinds of sizes all the way fromutility scale down to
residential, and we're | ooking at a variety of
technologies like lithiumion, flow batteries,
fl ywheel s, conpressed air, thermal, and al so at sone
advanced battery chem stri es.

| oversee our research program which is
called EPIC. It's the Electric Public Investnent Charge
program And the EPIC program has invested about
$60 million in energy storage and rel ated projects, and
we did that prior to 2020.

This year, in 2020, we invested an additi onal
$40 million in new research grants for energy storage.
So, in total since the program has begun, we've invested
about a hundred mllion dollars in advancing these
energy storage technol ogi es.

And, as | nentioned, sone of the things that
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we're | ooking to the invest in is |ooking at storage for

resiliency, we're looking in |onger duration storage,
and all types of things that help us get to that
100 percent clean energy standard.

So | wanted to nention a few of the trends.
|"msure you all are famliar with this but it seened
remss to not have it in the presentation. As you can
see here, Bloonberg's 2019 outl ook is projecting 122
time increase in energy storage by 2040, and that cost
will be about $660 billion of investnments around the
gl obe.

Al so, globally, the energy storage narket is
grow ng. And currently there are ten countries |eading
with nearly 80 percent of the market. Mst of this
anticipated growh is being attributed to the electric
vehicle market. Another market's projection show a
simlar future growh simlar to what we're seeing on
the Bl oonberg slide that you can see here.

We're also | ooking at the price projections.
And price projections for lithiumion storage continue
to decline. W have seen prices cone down about
85 percent over the last ten years, and it's decreasing
at a nmuch faster rate than forecasted a decade or so
ago.

The prices have dropped from over $1, 000 per

www.LexitasLegal.com/Premier  Lexitas 888-267-1200




© 0 N o 0o b~ w N

N N NN NN R R R R R R R R R R
a A W N B O ©O 00 N oo 0o M W DN +—» O

Video Transcription - September 22, 2020

97
kil owatt hour to about $150 per kilowatt hour from 2010

to 2019. And Bloonberg is projecting that the prices
will continue to decline reaching closer to about $100
per kilowatt hour by 2023. These cost reductions are
|argely attributed to econom es of scale. And, again,
nost of that's being driven by the electrification of
our transportation system along wth technol ogy
advances that include higher energy densities, and those
have nearly tripled over the | ast decade.

And cost productions | don't need to explain
to you, are incredibly inportant because right now it
costs nore to store energy than it costs to nake energy.
And we need both of these systens to work well together
to integrate the level of renewables that we're tal king
about for our decarbonized future. So to get to that
cl ean energy system-- 100 percent clean energy system
we got to have storage at prices that are closer to what
it costs to generate energy as well.

So this slide here is showi ng you the grow ng
need for energy storage in California. And in 2010,
some legislation in California, which was Assenbly Bil
2514 sent energy storage procurenent targets for
California. And since then, we really have been a
| eader in the nation when it cones to addressing the use

of energy storage to hel p support our future energy
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goal s.

As a result of that |egislation, over the | ast
decade, California utilities have installed or inproved
installation for nore than two gigawatts of energy
st or age.

G ven our energy goals and | ooking out to
2030, 2045, and beyond, there is still a grow ng need
for additional energy storage as we continue to
i ntegrate increasing anounts of renewables onto the
grid, and nove toward our goal of the hundred percent
cl ean energy future.

Here you can see fromthe California Public
Utilities Comm ssion, 2019-2020 Reference System
Portfolio, that they're projecting a need of al nost 10
gigawatts of energy storage by 2030. And that's about 9
gigawatts of battery storage, and 1 gigawatt of
| ong-duration storage. That's where the breakdown is
ri ght now.

In California, the investor in utilities are
currently at about 2500 negawatts, so we've got sone
work to do. 90 percent of that procurenent is |ithium
technol ogy, and that has four hours or so of duration.
Moving forward, we need to | ook at technol ogy
diversification, and also at |onger duration storage.

And just as a side note, that four hours of
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storage duration is driven by the California |Independent

System Qperat or requi renment that we have at | east four
hours for the systemthat we could use as a resource
adequacy asset.

Al right. So | also wanted to talk to you a
little bit about the Energy Conm ssion's research
strategy here. So as we |ook to the future and plan for
storage we are projecting that will be needed, we got to
think towards the long term W believe that the State
shoul d not rely on only one technol ogy and that we need
a diverse portfolio of possible energy storage
sol uti ons.

So we're mappi ng out a storage research
i nvestnments. We're taking kind of a three-pronged
approach that you can see here. W're |ooking to
diversify, we're | ooking to denonstrate, and we're
| ooki ng to deri sk.

So in the diversification space, the energy
comm ssion is looking at a suite of storage
t echnol ogi es, and nost recently we have focused on
non-lithiumalternatives. The Energy Comm ssion is al so
| ooki ng at projects, and we always are, that wll
denonstrate performance and i nprove the functionality of
storage. And we continue to explore opportunities to

deri sk storage by reducing costs and ensuring safety.
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And sone of these systens are also |ooking to

be ruggedi zed. So that if they're deployed in places
where we anticipate wildfires, they mght be able to

wi t hstand that and continue to provide the storage that
we' re counting on.

2020 is proving to be a pivotal year for
research on energy storage, at least | think so, at the
energy commi ssion. Sone of the priorities for the
Ener gy Conmi ssion and the State this year including
eval uating the performance of a variety of storage
technol ogies in various mcrogrid applications.

We're | ooking, as | nentioned, to diversify by
supporting non-lithiumion technologies. W're | ooking
to denonstrate | onger duration energy storage
technol ogies. And with sone of the increases that we're
seeing in transportation electrification, we're also
| ooking at validating the capability and
cost-effectiveness of second |ife batteries.

And, finally, as | nentioned, we are doing an
assessnent of |ong duration energy storage depl oynent
scenarios that will help show how we can neet
California's 100 percent clean energy goals.

So let me wal k you through a few of the
different types of technol ogies that we are funding.

So the storage-related solicitations that we
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have out right now resulted in over 15 new projects.

And these solicitations focused on devel opi ng
non-lithiumion storage, |ong-duration storage, and
residential storage that will be conpatible with our
bui |l di ng standards, so in California that's the Title 24
bui I di ng st andards.

And al so to sone funding that hel p support the
devel opnent of |ong duration energy storage scenari 0s.
So we're really trying to understand what parts of the
system do you need | ong-duration storage. Wen do you
think we mght need it. Were do you think we m ght
need it, right? So trying to do sone assessnents for
what the grid of the future is going to | ook |iKke.

And | think it's alnost inportant to note how
important equity is and diversity in this state. It
really is central to our program as we devel op our
solicitations. W're always -- a friend of mne, had to
make sure we bring | ow incone, rural, tribal
di sadvant aged communities, along wwth us. W can't get
where we're trying to go on 100 percent clean energy
standard if we don't have every comunity engaged with
us, and we have solutions that is work in al
conmuni ti es.

So as | go through sone exanples you'll be

able to see that in the projects that we've funded.
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So here are a few exanples of projects that

are funded, and let ne wal k you through them So the
first one is with the Ri ncon Band of Luiseno | ndians.
And they're denonstrating a vanadi umredox flow battery
conbined wth a flywheel. Their systemw | be
connected with solar PV to provide resiliency and cost
savings to local facilities including wastewater
treatment plant, a gas station, a conveni ence storage,
an office building, and the Harrah's Casino and Resort,
whi ch al so served as an energency operations center when
it's needed.

This project will achieve nultiple
advancenents, we hope, including reaching historical
scale for both flywheels and flow batteries,
denonstrating grid formng functionalities froma fl ow
battery system and integrating two separate forns of
| ong duration energy storage into a single comerci al
m crogrid.

The second project is Form Energy. And Form
Energy will devel op and denonstrate the performance of
an aqueous sul fur sodiumair systemfor |ong duration
energy storage that can provide up to 100 hours of
energy. This systemw || be built and eval uated on the
UC I rvi ne canpus.

And then last is the energy -- Indian Energy
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project, which will exam ne nultiple storage technol ogy

configurations, with the mx of zinc hybrid cathode
battery, a vanadiumredox flow battery, and a nechani cal
flywheel. This project is going to be |ocated at Canp
Pendl eton and will provide both the Navy and the Mari nes
Wi th an opportunity for hands-on experience wth several
different non-lithiumion technol ogy denonstrati ons.

Again, a lot of these denonstration projects
are really inportant to us at the Conm ssion, because
tribes, alot our mlitary installations are often at
the end of the transmssion line, but it's places where
it's incredibly inportant to make sure that we keep the
power on. So |ooking at these type of storage sol utions
in the places where they're needed nost is really
hopeful ly quite inpactful.

| nmentioned earlier that we're working on
equity, and that's one of the key priorities of our EPIC
program and it's central to the investnents that we're
making. So in this storage solicitation, we had a
specific carve out for tribal conmmunities and here's a
couple of the resulting projects.

These projects had snmaller systemrequirenents
than the ones | just tal ked you through and those
requi renents were at 50 kilowatts for ten hours. For

the first project is with the Soboba Band of Luiseno
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I ndians. Wiere they live is often inpacted by unpl anned

out ages, and al so by planned public safety power
shut of f s.

So GRID Alternatives is planning to install a
50- kil owatt hour or 500-kilowatt -- |I'msorry,
50-kilowatt or 500-kilowatt hour vanadi umredox fl ow
battery, and an off-grid generation systemto enable
that the Soboba fire station to provide the community
with conplete and critical services during energencies.
In addition to providing critical resilience to the
community, the project is also expected to provide
energy cost savings for the tribe.

The second project | highlight here is with
I ndi an Energy. And they're going to be installing a
flywheel that will use -- punp water for the Viejas Band
of Kunmeyaay Indians. And this project is expected to
advance the current technol ogy readi ness | evel of
ki netic energy storage technol ogy fromtechnol ogy
readi ness level 6 to technol ogy readi ness |evel 8.

We al so had sone funding that was specifically
targeted towards | ow i ncone and di sadvant aged
comunities in California. And there is a California
Enviro Screen systemand it takes a | ook at comunities
and it | ooks at any nunber of factors, and then it kind

of pops sone of themup at places that have been
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over - burdened. And those sonetimes show t hensel ves to

be di sadvantage -- that's why they call it disadvantaged
communi ties.

So we're working to get the benefits of these
progranms into those communities to really help alleviate
some of those concerns, and also to make thema | ead as
we make our transition to the clean energy future.

So these projects are projects that are in
communities. And, again, these are the smaller systens.
So like the ones | was just tal king about at the tri be.
So it's 50 kilowatts at about ten hours. The first
project here is the Antelope Valley project. And it's
denonstrati ng punped hydro at an aquifer to provide
support for groundwater storage facility at the WI Il ow
Springs Water Bank.

Wi |l e punped hydro is a proven technol ogy,
this project will include retrofitting existing wells to
provide a smaller and nore flexible version of punped
st orage hydro.

And then | also want to take a | ook at
denonstrating the generation of green hydrogen through
el ectrolysis and converting this hydrogen into
el ectricity.

So we had in California a Senate bill. It was

Senate bill 1369 and that defined green electrolytic
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hydrogen as energy storage. And it asked the Energy

Commi ssion to consider the potential uses of the
screened hydrogen for an energy storage solution in
Cal i forni a.

So we have two exanples of projects here that
| wanted to wal k you through. And | knowthis is a | ot
of projects, so l'mjust trying to give you a snapshot,
a look into the types of things we're investing in. The
i nnovations that we're trying to push in California
across the storage sector.

And, again, these all go back to denonstrating
that kind of that |onger termstorage and that type of
thing. So the first project is the DasH2energy project.
And they are integrating a green electrolytic hydrogen
systemw th power generation froma one negawatt w nd
turbine within a mcrogrid at the Pal ndal e Wat er
District.

The wind energy will be used to produce
hydr ogen, and then the hydrogen wll be used to provide
electrical resiliency with |ong duration storage, high
reliability, price stability, new business case nodels
and at a |lower cost for the Pal ndale site.

The second programis the T2M d obal project.
And T2M gl obal is going to evaluate a green hydrogen

system that can produce hydrogen through el ectrolysis as
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wel | as recover dilute hydrogen fromwaste streans such

as bi omass conversion, flue gasses, and anmoni a.

So nost of the electrolyzer systens require
purified water as an input. However, under certain
nodes of operation, this electrolyzer nay be able to
generate water as a by-product, and then the project
wll test and validate system performance in a
| aboratory setting and use the results to devel op
designs for a comrercial scale system

Al right. And then, finally -- and, again,
like I mentioned, this is just kind of an overview
just -- and then a quick dip into sone of the projects
that we're funding in these spaces. | nentioned that
we're al so | ooking to help fund storage in residenti al
applications, so that's what this shows.

So we have UC Ri versi de, BoxPower, and EPRI
And they will all be using comercially avail abl e
residential storage systens to denonstrate the val ue of
energy storage conbined with PV solar for residential
custoners at their hones.

So the UC Riverside project will develop a
site level test and denonstration programfor optinal
coordi nation of a network of autononous plug and pl ay
behi nd-the-neter solar battery units, not only to

perform denmand si de nmanagenent, but al so | oad shifting,
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maxi m zing the solar self-utilization and backup power

and providing new devel oped grid services.

BoxPower is |ooking to yield an integrated
har dware and software platformthat will be conpliant
with California s building standards, and it is
projected to be scalable to about 10,000 units by 2025.

And | ast we have EPRI. EPRI is working to
nodel project site honmes for conpliance and total energy
use. And they're working with buil ders and storage
provi ders to understand the control and inplenentation
of energy storage operations, and they will use neasured
data to eval uate how energy storage units hel p provide
grid harnonizati on.

So anyway, as | nmentioned, | know | ran
through a lot of projects in a really short anount of
time. But | just wanted to highlight the breadth of the
storage research that the Energy Conm ssion has been
ki cking off this year. And I'mreally excited to see
how t hese projects get going, how they get up and
runni ng, how they're inplenmented. And especially | |ook
forward in a couple of years to seeing what the results
fromthese projects are.

Finally, I wanted to nention to you all that
| ast year the Energy Conm ssion | aunched our Enpower

i nnovation platform And | want to encourage anyone
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that's interested in applying to an Energy Comm ssion

EPIC grant, or really that you're just interested in the
storage and cl ean energy innovation, this
entrepreneurial space, to join our Enpower Innovation.
It's the newest tool in our innovation eco-system |It's
an online platformthat is designed specifically for the
cl eantech community. And it provides a great networking
opportunity for individuals and organi zations for

expl oring our funding opportunities.

On Enpower innovation you can find a conmunity
of cleantech entrepreneurs, devel opers, technol ogy
adapters, and commruni ty-based organi zati ons, and you
wll also be able to see the |atest funding
announcenents fromthe Energy Conm ssion.

This platformalso includes a "Find a Partner"”
feature. And that allows you to announce your interest
in a specific funding opportunity and to view ot her
interested parties to find potential partners in a
trusted environnment. And if you are excited to find it,
you can see right here on the slide it's at
enpower i nnovation.net. So you can just go to
enpower i nnovati on. net, and take a | ook there.

So I think I have maybe three or four mnutes
for questions, which I'mhappy to take. | do a lot nore

of the policy and the strategies, so if it's a specific
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question on the technology, | can certainly put you in

touch with the experts at the Energy Comm ssion who can
really talk through, in detail, sone of that. But I
| ook forward to your questions.

And | really want to thank you all for letting
nme share a little bit about what we have going on at the
Energy Commission. It really is an exciting year for
us, and it's just an exciting tinme, as you all know, to
be working in this clean energy space.

And storage, as we nmake our way to a
decar boni zed system and 100 percent clean energy system
is just an incredibly inportant foundational conponent
for how we get there. So digging in to kind of |ong
duration, how do we get it into nore residences and
things like that, | think, and then also |ooking at a
broader set of storage technologies, in addition that
can conplinment lithiumion is really inportant.

So that's what the Energy Conm ssion is doing

inthis space. | really want to say thank you to you
all. Likel said, I think I have a couple mnutes for
questions, so | can do that and then I'Il also tee up

for you the next speaker who is Eric Hsieh.
Eric is the Director of Gid Systens and
Conponents with the U S. Departnent of Energy, and I

want to say welconme to Eric, but before we do that maybe
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| et me pause and see if there's a couple questions for

nme.

MR. BAXTER Yes, hi. This is R chard and we
have two questi ons.

M5. SCOTT. Ckay.

MR BAXTER. So far. And if anybody has
addi tional questions, on the bottomthere's a Q%A button
that you can sel ect.

AB- 87 established a clinmate catalyst fund for
California. How is that being enpl oyed?

M5. SCOTT: Ww, that's a great question. [|I'm
not sure that conmes through the Energy Conmm ssion, so
don't have an answer to that one. | apologize for that.

MR. BAXTER Al right. Good answer.

Let's see, | happen to (inaudible) gather the
i nformation of these projects and then di ssem nate
those. And, | guess, maybe tal king about how you're
doing the projects, what are the steps involved, and
then how gathering the information, and di ssem nation
about the results.

M5. SCOTT: Yep. So that's a fantastic
gquestion as well. Typically, what we do at the Energy
Commi ssion is we have what we call a pre-solicitation
wor kshop. And so our staff spends, as you can i nagi ne,

quite a bit of time thinking through, reading papers,
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talking to experts in the field, what is it that we need

to -- how can we make our investnents the smartest
investnents, right? 1Is there a challenge we can help
solve? |Is there a technol ogy question that people are
| ooki ng for answers to and that we can help put sone

i nvestnent in that space?

So in these pre-solicitati on workshops they
hear from experts around the field to hear what types of
things we really ought to be directing our funding
towards, and that's how they work to devel op the
solicitations.

And then, you know, once the solicitation is
out there, you can participate in the solicitation
wor kshop. That's where peopl e ask any questions that
t hey have about what's in there, what are we | ooking
for, why are we looking for it. And then we kind of go
into the dark period where, you know, we're waiting for
applications to cone in. At that point we're not
talking to potential applicants. And then, you know,
they go through and they score all of the proposals.
Everything is typically a conpetitive solicitation
t hrough the Energy Conm ssion for those funds. So
that's one way to get engaged.

The other thing that we do is an investnent

plan for the EPIC program So that's a nice place, too,
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as we're kind of thinking through the broader goals of

here's the types of things we're planning to invest in
over the next three to five years naking sure we're
hitting -- and, you know, there's a little bit of
flexibility in that space as well, of course, because
technol ogy is changing really quickly and we want to
make sure we don't m ss things by preplanning too nuch.

But those are two places to really hel p engage
with us kind of what we're | ooking at, why we're | ooking
in -- to understand why we're |l ooking to invest in
certain spaces. And then typically each year we post an
EPI C annual report. And the annual report is a great
pl ace to find out sone nore details about the different
projects, right? So it will be a wite-up of all the
projects that are there, and that's a nice place to get
sonme information. And also on our web page. On our web
page you can click through and there's a | ot of
information there about the different projects and
technol ogi es as wel |.

And then last | would certainly encourage that
Enmpower innovation platform That's just a great way
for -- if you' ve got a great technol ogy and you want to
denonstrate it in the community and you're | ooking for a
community, you can find that match there. If you're a

comunity and you would | ove to have soneone cone and
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denonstrate a technol ogy, the sanme thing, it's really

ki nd of a matchnmaki ng for entrepreneurs and fol ks who
are looking to pilot different technol ogi es and pl aces
to pilot it and al so sone additional expertise, right,

i ke you' re | ooking for sone financing expertise. |If
you' re | ooking for manufacturing expertise. Al of that
is kind of wthin that Enpower Innovation. So hopefully
t hat hel ps.

MR. BAXTER  Ckay. Geat. Thank you. And
then the slides will be shared | ater

M5. SCOTT: Yes.

MR. BAXTER  Well, since this is a DCE
conference, can you talk a little bit about how you
coordi nate and work with the DOE on project --
denonstration projects?

M5. SCOTT: Absolutely. So DOE is a great
parter with us at the Energy Conm ssion, so | appreciate
that very nuch. W do have a nenorandum of
understanding with the ARPA-E program And oftentines
what will happen is we have two -- we have severa
mechani sns; one of themis called Bridge, one of themis
called the Ranp Program and then we al so have a federal
cost share program

So a lot of tines if you have -- if you're an

entrepreneur and innovator in this space and you' ve got
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sone DOE funding, if you're part of one of the prograns

where the DOE and Energy Comm ssion are working together
that's great, right, so then we're, like, Ckay, DOE is
taki ng you technol ogy readiness level 1 to 3, the Energy
Commi ssion is going to pick it up and take it from4 to
6, and then maybe it goes back over to the DOE. W work
pretty closely to try to conplinent one another in our
funding in that way.

And we also -- within the federal cost share
if people are looking to apply for a settler grant, but
they need sone additional, like, state funds or other
funds, they kind of match up together. So you can apply
to the Conm ssion, and that funding is contingent on if
you get the DCE grant then you get the Energy Comr ssion
funding and off you go. And | think DOE does that with
sonme of our prograns as well.

So we work very hard to try to conpl enent one
anot her and really hel p nove these technol ogi es from
where it's an idea in an entrepreneur's head all the way
up to the level where it's ready to go out into the
mar ket .

MR, BAXTER. (Ckay. Geat. And | think one
nor e.

You had shown, | think, sonme Bl oonberg and

ot her market information. Do you guys use that when
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you're trying to predict the scale of the market going

forward? Do you have sone internal demand or interna
need estimation about -- that hel ps you gui de what type
of technol ogi es or deploynents to eval uate?

M5. SCOTT: Yeah, so we certainly use
Bl oonberg, information fromEIA |EA right, all of the,
you know, the robust and known data sources.

We al so have an anal ysis shop within the
Energy Conm ssion that does sonme pretty cracker jack
work | think in this space as well, so when we're
| ooking to anal yze where California is going and what we
think is needed, we can do quite a bit of that analysis
i n-house as well and kind of, you know, okay, go back
and see \Wat's Bl oonberg showi ng? Wat's ElI A show ng?
What are we showi ng? Kind of get that data circle going
to help informwhat we think we need.

And then, as | nentioned, when | was
talking -- and I know | talk really fast, I'msorry
about that. |'mhappy to share slides with anybody or
follow up in nore detail.

Sonme of the things that we do with our EPIC
investnment is to invest in analyses, right? So one of
the anal yses we're doing is this long term-- is an
anal ysis of where |ong-duration storage is going to be

needed within California's grid.
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So we -- and | think that one went to EPRI.

And so what they'll do is they'll do an analysis for us.
What does the grid |look like? Were do we think that
makes the nost sense to put sonme of this |ong-duration
storage? Is ten hours going to be enough? Do we need
nore? Do we need | ess? Were should it go? Wy should
it go in those places, right? And so sonetines we al so
put out solicitations to have fol ks hel p us do that
analysis as well. So A few ways to cone at it.

MR, BAXTER:. Ckay. Geat. Wll, thank you so
very nmuch. W appreciate your tinme and your insight
and, well, hopefully at some point in the future we'l]l
see you in person.

M5. SCOTT: See each other in person. Thank
you so nuch for having ne. | was delighted to be here.

MR, BAXTER: Excellent. So now we're going to
be turning over to our next -- our next keynote. It's
Eric Hsieh, the director for Gid Systens and Conponents
of the Departnent of Energy's Ofice of Electricity.

MR, HSIEH. Geat. Thank you, Richard.

And it's a pleasure to foll ow Comm ssi oner
Scott. I'ma forner Cal Bear, so |I'mon the other side
of that rivalry. [|'ve always been inpressed by how the
State blends creativity, technol ogy, and equity issues.

And the CEC denonstration projects that she went through
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are exactly the kinds of innovations that DOE hopes to

accel erate as part of the Energy Storage G and
Chal | enge.

So just as a little bit of background. | have
the coolest jobs that I'mqualified for at the
Departnent. (lnaudible) one as Director of Gid
Conmponents and Systens. | oversee the hardware R&B
portfolio for grid technol ogies that include power
el ectronics, robotics, and storage.

I, nyself, before comng to DCE, | used to be
at Al123 battery conpany. Helped grow their stationary
st orage busi ness, and stayed on through the bankruptcy
and energency -- energence fromchapter 11. So
appreciate the risks and obstacles to nurturing
technology in this field.

Day job No. 2 is what I'"mgoing to go through
in nore detail here. 1'mone of the track |eads for the
Energy Storage Grand Challenge. And ny job here is to
create a long-term R& strategy for these technol ogi es
on behalf of the Departnment. So that's what you'll see
t oday.

"1l go through the long-termvision for
energy storage here. Look at one exanple of a use case
that we're considering and go through the drivers and

i ndi cators of change within that use case. [|'ll talk a
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little bit about energy storage at CE, but al so across

t he departnment and how we bridge the gap to
commer ci al i zati on.

So Energy Storage G and Chal | enge was | aunched
in January of this year by Secretary Brouillette, and we
have a vision and m ssion statenent generally to becone
the world | eader in energy storage utilization
technol ogy and exports. And we are aimng to create a
conprehensi ve programthat accel erates the devel opnment
and commrercialization of next generation energy storage
t echnol ogi es.

One of the things that is nore expansive about
this initiative conpared to previous ones is that this
is truly DOE wide. Frombasic science in the Ofice of
Science, to ARPA-E, to the Applied Energy Ofices like
m ne and ERE, where you'll find wi nd, solar, hydro,
bui | di ngs, vehicles, as well as, nuclear and fossil
energy. And then to the near comrercial offices |like
LPO Loan Programis Ofice, and the O fice of Tech
Transitions.

W' ve really been given the directive to align
all of the different |levers that DOE has to accelerate
this industry. And whether you' re a Zooned- out
executive, or a inpetulant TikTok influencer, we've

boi |l ed down the ESCE into six words. For your

www.LexitasLegal.com/Premier  Lexitas 888-267-1200




© 0 N o 0o b~ w N

N N NN NN R R R R R R R R R R
a A W N B O ©O 00 N oo 0o M W DN +—» O

Video Transcription - September 22, 2020

120
conveni ence, it's innovate here, nmake here, and depl oy

ever ywher e.

So for innovate here, we want to see how the
U.S. can | ead energy storage R&D, and we'd |ike to make
sure we get a return on the IP that's devel oped here.

Next stage is nmake here. O course, we want
to lower the cost of inpact of manufacturing and
strengt hen donestic supply changes.

Finally, deploy everywhere. O course, we
want to make sure that there are robust markets here for
energy storage deploynent, but we want to nmake sure that
the kinds of technol ogies that we devel op are w dely
appl i cabl e and scal ed.

So the way we're achieving i nnovate here, nake
here, and enpl oy everywhere is through five tracks. The
first track is the one that |I |ead. Technol ogy
devel opnent. That's an -- that's essentially creating a
| ong-term R&D str at egy.

Next is tech transition. How do we accelerate
these technologies to market? Part of this initiative
is an explicit recognition that DOE strength in R& is
not enough. W are al so developing tools for -- to
assist those in the policy and val uati on space. And
"Il speak a little bit to that. And, finally, donestic

manuf acturi ng, supply chains, and workforce devel opnent,

www.LexitasLegal.com/Premier  Lexitas 888-267-1200




© 0 N o 0o b~ w N

N N NN NN R R R R R R R R R R
a A W N B O ©O 00 N oo 0o M W DN +—» O

Video Transcription - September 22, 2020

121
|"ve alluded to before, and they will also be key in

assuring U. S. | eadership.

So this is a snapshot of the status fromthis
past sunmer, so we released the draft road map in July
of this year. The comment period just closed at the end
of August, and we are now visually sorting through al
of the wonderful input we got frommany of the people on
this line, and we out later this year.

MALE SPEAKER:. Eric, can you share the
docunent? W are not seeing the docunent. Can you
share it? Share your screen

MR HSIEH. Can you see ny slides?

MALE SPEAKER: No, we're not seeing your
slides. If you wouldn't m nd just sharing your screen,
that would be great. Let's try that again. Thank you
for the -- all right.

MALE SPEAKER: We're good now, yes. Thank
you.

MR, HSIEH. Sorry about that. So drivers and
i ndi cators of change. One of the things that we're
doing different. A little novel for DOE within the
Energy Storage Grand Challenge is to introduce a user
focused R&D framework. So instead of just chasing a
dollars per kilowatt hour or efficiency netric, we've

been identifying representative use cases for electrical
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needs over the next 10 to 30 years. These use cases

span everything fromindustrial facilities to renote
communities to entire bal ancing authorities.

And then once we've identified sone functional
requi rements that helps us fill out an R&D strategy.
Now, |I'Ill use our first use case Facilitating an
Evolving Gid, as an exanpl e.

So this use case covers both the power and
di stributions systens and one of the biggest drivers
here is the increasing proportion of variable energy
resources. |In part due to econom cs and state policies.
DCE wi Il achi eve success if we can deliver cost
effective technol ogy solutions as the underlying drivers
accel erate.

So what m ght these drivers look like? If we
go little bit technical and back to first principles,
there are a couple axis on which you coul d consi der how
the grid has evolved. So on the X axis is whether a
systemis centrally controlled versus distributed and
the Y axis is whether the resources are synchronous or
asynchronous.

In 2020, the vast mpjority of the grid are
here to the bottomleft, and as we get to higher
penetrations of DERs you m ght see things nove towards

the distributed side of the graph. At the sane tine as
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we have asynchronous resources, |ike wind and solar or

anyt hing inverter based, they may nove towards the top.
And then, finally, you mght get to this stage on other
end of the quadrant where you have grids that | ook and
behave nmuch differently than they do today.

And | want to clarify that we're not | ooking
at a single grid, right? So if you look at all of the
EIA utility entities and their evolution. They have not
evol ved the sanme way. So in 2004 we did a quick netric
to see where they were. And the vast majority of them
were in this lower left quadrant with large centralized
power plants that were synchronous.

Fast forward to 2019. There are many utility
entities that have made significant changes in the way
they generate electricity. So this evolution is not
just futuristic, in many cases it is happening today.

And this map shows the geographic distribution
of utilities by quadrant. You can see the indicators of
| arge scale wind in the Mdwest, large solar in the
Sout hwest and potentially -- | think it's small scale
solar in specific states |ike New Jersey and North
Carol i na.

So I'mgoing to borrow sone back of the
envel ope nunbers from ARPA-E s program Today's best

avai l abl e solution if you're tal king about flexibility
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and it's dom nant thermal capacity being constructed is

a conbined cycle unit. And we're rounding things out
for sinplicity, so we'll assign that a proxy price of
$50 a nmegawatt hour for di spatchabl e energy.

So to be cost effective, any new t echnol ogy
has to beat that nunber for a conparable service. So
| ong-termw nd and sol ar generation are likely to
approach $25 negawatt hour in w de swat hs of
geographies. And for this analysis, we're just going to
assunme that half of that output needs to be storable in
order to be fully dispatchable. So each cycle through a
battery if it adds 50 negawatt hours or |ess -- $50 per
nmegawatt hour or |ess, then we can get to conbined cycle
conpetitive nunbers.

So how do we get to | ower cost storage. This
graph also fromthe sane program shows the rel ative
costs on an energy and volunetric basis of various
storage nedia. So the diagonal lines signify simlar
energy densities, so you can see rocks, air, salt, can
all store about the sanme amount of energy per unit of
volunme, and they're all a little | ess dense than
['ithium

The battery-based solutions today are up here
inthe top right corner, certainly in the higher cost

category. And so to get to |onger durations, we m ght
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need to | ook at storage nedia where the increnental cost

of adding nore hours is a couple of order of magnitudes
| ower, |ike sodium air, rocks, or water.

In the mediumterm there's still a | ot of
work to be done on these new chem stries. So in 2019
PNNL estimated present and 2025 costs for a variety of
storage technologies. And if you could build punp hydro
anywhere and finance it for 25 to 50 years, it would be
| owest cost solution for |arge scal e applications.

But sonetines you need things on a smaller
scale or closer to load, |ike data centers or hospitals.
And that's why a diversity of technol ogy portfolios
woul d be useful. Wile R& reduce the cost of the
storage nediumis inportant, the next |argest cost
conponent is construction and comm ssioning, so C&C on
this chart, or EPC costs. And just |like solar and w nd
in the past, we're working on activities to help shave
costs there, too.

So bridging the gap for comercialization. |
appreci ated the questions about narket projections for
California for Conmm ssioner Scott. In some -- according
to sonme -- depending on which projections you' re | ooking
at, the annual cap per spent for energy storage in the
U S. could be nmultibillions, tens of billions in the

U. S

www.LexitasLegal.com/Premier  Lexitas 888-267-1200




© 0 N o 0o b~ w N

N N NN NN R R R R R R R R R R
a A W N B O ©O 00 N oo 0o M W DN +—» O

Video Transcription - September 22, 2020

126
And so we're envisioning a scenario where

t hese use cases represent sort of the -- are
representative of how storage is being used and t hey
feed this multibillion annual U S. market, and that
woul d i kely be split into sonme nunber of firnms. So at
$20 billion or $30 billion, you know, 60 firns gives you
half a mllion dollar annual revenue, which is pretty
healthy for a smaller conpany or business unit.

And, in turn, presumably these firnms woul d
have their own new technol ogi es that would have to be
derisked. And, in turn, those technol ogi es woul d span
the ganut of bidirectional and electrical, chemcal and
thermal, flexible generation and | oad.

So we're trying to assenbl e any ecosystem
wher e technol ogi es can accel erate from foundati ona
science, materials, R&D, all the way to comrerci al
val i dation, high value deploynents and wi de bankability
inas little tinme as possible.

One of the things we're doing in the short
termto help with this effort is hel ping everyone get on
the sane page with vocabulary. So, for exanple, we're
| ooki ng at standardi zed conponent definitions and
metrics. So you see here on the right is how we're
proposing internally within DCE to -- to devel op comon

ways to track the cost and performance of different
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conponents of energy storage systens.

That will help us nake sure nunbers are
conpar abl e, especially as we conparing things that may
feed into different chem stries. It may also help us
prioritize R& areas. So one of the things that we' ve
seen in the comments that are (inaudible) is that
t hermal managenent systens can present a common point of
failure for energy systens. So while HVAC m ght be a
mat ure technology for its current applications, a |ot of
systens aren't subjected to the reliability requirenents
of utility needs.

So this mght be a place for sone coordi nated
chem stry (inaudible) activities; crosscutting and cross
(inaudible). And in turn that will help us accelerate
val i dation, testing, and safety standards.

| did want to -- | explored just the w de
di versity of storage technol ogi es and pat hways that are
included within the storage challenge. Here you see
along the X axis is continuing frombasic materials
researched to conponents and devices, all the way out to
i nvest ment finance, operations, markets and val ue.

And so you see flexible generation and | oads,
there is a lot of contributions there fromthe Buil ding
Technol ogies O fice, thermal and chemcal. You start to

see ARPA-E, solar, advanced manufacturing, the Field
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Sales Ofice. And then bidirectional electrical storage

i ncludes both el ectrochem cal and el ectromechani cal
t echnol ogi es.

At the end here we are aimng to | everage and
coordi nate work fromas diverse as the Vehicle
Technol ogies Ofice, Ofice of Electricity, Ofice of
Science. And I'lIl also note that as you get out into
the higher levels of integration, in operations, the
i ssues beconme nmuch nore crosscutting.

So the market and eval uation issues that the
punped hydro unit m ght face aren't that nuch different
very long duration electrochem cal stores. And that's
why coordi nated work across DCE and with the industry is
going to be really inportant.

So in alluding to that policy an eval uation,
DCE al so has a role in providing analytical capabilities
to decision-nmakers in order for themto nake -- to
i ncorporate the benefits of new technol ogies in the nost
ef fecti ve ways.

Qur policy and valuation work within the
Energy Storage Grand Challenge is intended to be
targeted, systematic, coordi nated, and objective. So we
are not making policy, but we are offering policynmakers
the tools to nost effectively neet their own policy and

regul at ory goal s.
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And finally, you know, delivering themin a

way that is relevant to the use cases that are facing
and the kinds of decisions they have to make. So
whether it's PUCs or project devel opers and retail
consuners. We want to assenble data, feed themthrough
nodel s, and then provide the analysis that is npst

rel evant and transparent to them

So | think we're getting to the end of our
time, sol will close out by saying DOE is fornul ating
it's long termvision through Energy Storage G and
Chal | enge. The use case framework helps us to validate
how end user needs can be net through storage, and
identify diversity of technol ogy pat hways that can
achi eve these storage functions.

And there are a wi de nunber of -- |arge nunber
of offices across DOE working with industry to support
an ecosystem of capabilities to accelerate innovation in
t he space.

So thank you very nuch, again, for inviting ne
here. And I'll hand it back to you Richard in case we
have any questi ons.

MR, BAXTER  Sure. All right. So for
everybody, if you | ook down at the bottom you can see
the little Q%A button and so you can type in your

guestions there.

www.LexitasLegal.com/Premier  Lexitas 888-267-1200




© 0 N o 0o b~ w N

N N NN NN R R R R R R R R R R
a A W N B O ©O 00 N oo 0o M W DN +—» O

Video Transcription - September 22, 2020

130
W have one. Howis the DOE utilizing data

from G een Button for energy consunption, and O ange
Button for energy production for planning nmeasurenent
and nonitoring -- or just analysis? So information from
the G een Button and Orange Button for market analysis.
MR, HSIEH: So I'maware of the G een Button
program It's actually in a different part of the
Ofice of Electricity. | know there are -- there are
projects in place to devel op better algorithnms or
nmet hods of control and nonitoring technol ogi es that
could inprove the operations, especially at the
distribution level. | can't speak to nore specifics,
but woul d be happy to follow up offline.
MR. BAXTER  Ckay. Let's see, not -- are
there any other questions? GCkay. Wit, yes.
Does the DOE see thernmal energy storage as
hi gh probability achi eving econom c depl oynent by 2025?
MR HSIEH. That is certainly the goal. And

it"s not -- it's not so nuch thermal energy storage
specifically, but if there are applications for -- or
use cases for which a -- those technol ogies are

wel |l -suited, we are trying to accelerate the data which
t hese technol ogi es becone cost-conpetitive. And, of
course, economcally driven deploynent is the ultimte

way to scale these things quickly.
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MR, BAXTER: Excellent. GCkay. One nore

m nute. Any other questions? Okay. Well, Eric, thank
you very nmuch. And | think what we're going to do is --
we're a little ahead of tine, but to nake sure that
every -- that everybody is able to -- can you hear ne?
Back on. There we go. So since -- so thank you for
everybody's tine right now | --

(End of video part 1, Day 2.)

--000- -

(Begin video part 2, Day 2.)

MR, BAXTER: Hello. Welcone back everybody to
the 2020 DOE Energy Storage Financing Submt, Panel 1.
And we're going to have Bob Fl ei shman of Kirkland &
Ellis be the noderator, so I'll turn it over to Bob

MR. FLElI SHVAN: Thank you, very nuch. 1It's a
pl easure to be here again. 1've lost track of how many
|'"ve done of these.

Today we have a very distingui shed panel.
Have Jay Goldin, who is vice president of Geen Tech
Sol utions at Munich RE Anerica. W have N ck Warner,
who is a founding principal of Energy Storage Response
G oup. Mark Stout with Viridity Energy Solutions. He's
di rector of business devel opnent in the western region.
And al so Moe Haj abed at AYPA Power. He's their CEO

The fuller bios are in the package of materials that
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were presented earlier.
And we're going to run this panel, and the
next one as well, by Brian G eene, also from KirKkl and.

The way we've done themin the past. They're not going
to be PowerPoints or |ong canned presentations. They'll
be questions that | pose to each of the panelists to
begin. And then we'll have sone foll owup and naybe
some conversation anongst the various panelists and then
we'll open it up to questions. W' ve got the QA chat
function here as well. And it would be best to use that
as we did today earlier and al so yesterday rather than
trying to speak.

So with that, let ne ask the first question of
Mbe. NRStor, which you were instrunmental in creating,
was acqui red by Bl ackstone Energy Partners recently.

Coul d you just talk briefly about your focus
and expansion plans, and what that tells us about
mar kets both here in the U S. and in Canada with respect
to energy storage?

MR. HAJABED: Thanks, Bob, for having ne, and
t hanks, Richard, for having ne today. So as you said,
Aypa Power is formerly NRStor C& , which is a conpany
that | founded. And NRStor C& and Aypa Power are both
custoner centric organi zation. So when we think about

what we do, we focus primarily on conmmerci al
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industrial, and institutional custoners.

And what we brought to the Ontari o narket
specifically and the Canadi an market is distributed
storage and we becane the | argest devel oper
owner - operator of storage assets in the Ontari o market,
primarily over the past 40 years.

Fol |l owi ng the Bl ackstone acquisition, we've
ext ended our footprint significantly beyond the
northeast into the California and ERCOT markets. And
what we're trying to do and what we're focused on is
basi cal ly bridging behind-the-neter and
front-of -the-neter nodels.

So a big focus today is working on utility
scale projects, primarily focusing on comrericial,
industrial, institutional custoners across North
Anerica, but providing themw th solutions that focus on
val ue that can be brought in through virtual power
purchase agreenents, as well as, coupling that with --
coupling that with behind-the-neter solutions that can
provide themwith reliability, resiliency, and expand on
t he business nodel in terns of econom c value for sone
of those custoners based on their needs.

So, from our perspective, that opens up a
bunch of different markets for us prinmarily in the

western United States, including California, ERCOI, and
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sone nmarkets with (inaudi ble) and we continue to focus

in New York, New England and Ontari o.

MR. FLEI SHVAN: Thank you. Let ne turn now to
Mark. Mark Stout, who will talk a little bit, | think,
about western markets. Wat energy nmarket trends --
energy storage market trends do you see in the western
US at this point?

MR, STQUT: So over the |last five years, |
think there's been quite an evolution in market
opportunities in the western U.S., you know, going back
to the earlier 2010s, we had the AB2514 mandate in
California, which everybody said, 1.3 gigawatts, huge
mandate. Wich really did get things started, and that
was big. And that was al nbst exclusively standal one
st or age- f ocused.

And over time, we're seeing -- |I'd say
currently we're noving nore towards, in the California
mar ket, storage is typically paired with solar, and
sol ar plus storage, and procurenent's largely driven by
CCAs since the investnent in utilities are typically
l ong on RPS credits.

And outside of California, and the western
mai nl and U.S., the big focus on solar plus storage, the
i nterconnecti on queues are really packed with that. In

fact, even California' s interconnection queue, there was
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al nost zero PV without storage entering the queues in

20109.

So it's really gone to dom nant technol ogi es
are sol ar plus storage and standal one storage in
California and then sol ar plus storage outside of
California. Hawaii, you know, a |lot of procurenent on
the way to 100 percent renewables by 2045. And it's a
m x of solar plus storage and standal one storage across
the islands that eco has really been driving that.

MR, FLEI SHVAN: So following up on that. By
CCAs in California, you're referring to Community Choice
Aggregators. How significant is their role in the solar
and storage market at this point, let's say, over the
| ast year or two, and where it's headed in the short
term

MR, STQUT: The CCAs are currently serving
over 25 percent of the gigawatt hours in the California
gridin terns of |oads served. | think that's quickly
headi ng sonewhere to 40, 45 percent in the next few
years is there's a lot of CCAs that are, you know,
currently going through inplenentation plans and
formation.

Because the CCA is taking a |l ot of the
procurenent responsibility away fromthe investor-owned

utilities, that created a -- that's why the I0OUs are
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very long on their contracting of RPS. And so the CCAs

are -- they are the big gane in town for buying solar,
and now the California market because they're such high
sol ar penetration. Storage -- there's very little solar
Wi t hout storage procurenent going on. It's really
driven by solar plus storage.

MR. FLEI SHVAN. And, Me, is that what you're
seeing in California, as well?

MR. HAJABED: Yep. W are seeing the sane
thing in the California market, so we're working with
the CCAs primarily to be able to pronote sone of the
projects, the hybrid projects that we're working on.
And we're seeing a need for constant CCAs for hybrid
projects. But also they're |ooking at nore |oca
projects to be able to neet the capacity needs. And
we' re al so seeing the sanme needs cone up from
comerci al /i ndustrial custoners in the market.

MR FLEI SHVAN: Let ne ask the next question
to Jay.

And, Jay, thank you for being on this panel,
again. W ask different questions of you each of the
tinmes, it's not always the sanme thing. So what
t echnol ogi es does Munich RE consider to be bankable in
today's markets? | think it's probably changed over

time.
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MR. GOLDIN: Thanks agai n, Bob, for having ne.

And | want to thank Richard and the Departnent of Energy
for hosting the event.

Sol wll look back to the conversation that
the CEC speaker had -- Janea Scott, and the DOE speaker.
They tal k about technol ogy readiness levels. So if you
all aren't famliar wth technol ogy readi ness | evels,
it's basically fromthe concept through to fully
comerci alized product. And a lot of lithiumion energy
storage projects are highly bankable, highly known.
They're at full readiness comercial |evel 9 or 10. But
just because they're at 9 or 10, it doesn't nean that
the performance obligations are well-understood by the
peopl e who are going to be witing $100 mllion checks.

So even if it's a technology that's
wel | -proven in the marketpl ace, the investor class,
especially if you go to infrastructure funds, they want
further assurances of the technol ogy and of the bal ance
sheet of the system providers.

So | didn't really answer your question, so |
woul d say |let ne conme back to your question. W | ook
at, in our group, technol ogi es at readi ness |evel 6
through 10. So vanadi umredox flow batteries m ght be
ina6or a7. Mght have sodium sulfur batteries in a

7 or 8 stage, so they're nore proven in the nmarketpl ace.
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And sone of the flywheel technologies are at an earlier

stage. So that would be used for pilot projects that
the CEC supports or grants support, but we have not yet
support them

So it isn't really a question of what we
consi der bankable. 1It's really a question of what do
the project finance conmttee consider as investnent
grade? Because if they plan to secure (inaudible)
projects or sell themonward, they' re | ooking to have an
i nvest ment grade project to get an investnent grade
rating. And there's a fewway to do that, insurance is
one vehicle, nme and sone others mght be (inaudible).

MR FLEI SHVAN. Great. Anyone else on the
panel have thoughts and reactions to what Jay just said?

MR. STQUT: | think there's --

MR, FLEI SHVAN: kay. Go ahead, Mark.

MR STQUT: I'll say, | think there's a |ot of
interest in the devel oper community in the sort of
projects that Jay and Munich RE can offer. So I'l|
| eave it at that.

MR. FLEI SHVAN. Let me turn to N ck.

Nick, with the first round of fire codes being
devel oped and product standards continuing to evol ve,
what's your view on the safety chall enges that renain

for energy storage going forward and what i npact on
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mar ket s does safety issues and related reputational risk

have in your view?

MR. WARNER: Thanks, Robert. | think they're
kind of two issues now as we start to finally nove
forward into a better regulated world with respect to
energy storage. (bviously, you all have done a great
job wth the standards and continue to evolve in a way
that |I think will pronote innovation and continue
i nprovenents to safety energy storage systens. We'l|
never be able to conplete avoid failures and incidents.

They hopefully won't occur at a rate greater
than any other incidents we see with grid tied power
el ectroni cs and power equi pnent, and they'll be
manageable in a way that fire service and stakehol ders
can handle. | think as we nove to that future, though,
it mght be kind of tinme to turn our attention back to
the systens and the fleets that have al ready been
depl oyed, the systens, you know, just |ast week we had
an explosion in Liverpool in the U K of a systemthat
was installed precode. And | can't speak to what's in
place in regard to codes and standards in the U K., but
I know when the system was depl oyed, there had been no
codes adopted the U S. nor any codes adopted in the U K
for these systens.

There are thousands of these systens that
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al ready out there. And thousands nore that wll

probably be installed in states outside of California
and New York over the next couple of years before they
get a chance to -- before these other states, rather,
get a chance to catch up with codes.

| think it's probably tinme now, again, to kind
of | ook back and make sure that these systens are out
there, don't have an opportunity to cause probl ens.
They're going to be felt down the road even as the new
stuff starts to cone online, and make sure that we don't
kind of overreact if these safety issues do continue to
cone up on these systens, we don't over react going
forward. W seemto be on a regulatory path now that |
think is going to be sustainable and cost-effective for
everyone. Let's make sure that we can stay on that
pat h.

MR. FLEI SHVAN:  And | guess follow ng up on
that, we've got a question from sonmeone who's here
saying -- virtually here, | should say:

Wth the increasing instances of lithiumion
battery fires, in reference to the Liverpool event |ast
week, what efforts are being nmade to vari ous
organi zations to try to pursue what this speaker refers
to as nonfl ammabl e t echnol ogi es?

MR GOLDIN:. So I'll speak on behalf of the
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work we're doing with several vendors of |ow batteries,

we see those as nonflammable. They have other risks
associated with them They take nore nai ntenance to
keep them running, but they won't burn and they won't
generate sort of incidents that we've seen.

However, there's a place for the lithiumion
batteries, and there are controls that will be placed on
themto make them safer and visibility it will add. And
Ni ck's got a nechanism-- a fast response or a better
situational awareness, so cars -- autonobiles are unsafe
t hi ngs; we have bunpers, we have signal indicators, we
have seat belts to nake themsafer. | think the sane
| ogic mght hold true for the lithiumbatteries.

MR. FLEI SHVAN: Any ot hers on the panel on
t hat questi on.

MR. WARNER: Yeah, | would just echo what Jay
said. You know, the fire service, the code world, they
handl e risks, they handl e chall enges on the built
environnment on a daily basis. You know, open a PA
magazi ne at any point in the |ast couple of years, and
you' || see the challenges that arise in the built
envi ronment across the board.

Chal | enges have al ways existed. The fire
service has always learned to deal with themin tineg;

maybe not as quickly as we'd like. But | think
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ultimately what we'll find is that, you know,

[ithiumion battery failures are going to be inevitable.
If we can get those down to a nunber that's manageabl e
and reasonable. And if we can make the overal

magni t ude of those failures nmanageable and get the fire
service trained to a point of handling them a |ot of
these safety risks were start to subsi de.

Because, quite frankly, as Jay alluded to,
nost of the things we do on a daily basis involving just
sinmply wal ki ng out our front door in the COVID age, cone
wi th sone inherent risk.

So managing that, | think, is as inportant as
devel opi ng new technol ogi es and new approaches to
exi sting technol ogi es t hensel ves.

MR, FLEI SHVAN. Go ahead.

MR, STQUT: Do you mind if | add on to, N ck?
Thank you, Bob.

MR FLEI SHVAN. O course, yes.

MR STQUT: So just totally agree wth what
Nick is saying. And as a developer in IPP, there's a
| ot focus during the environnental permtting and then
construction permtting phase for every project, and the
fire safety and the battery systens is very inportant.

So along with that, there's a wide array of

mtigations that can be added to the best systemin
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order to make -- to manage the risk as best we can.

MR. FLEI SHVAN: And when you all are
devel opi ng projects or, you know, signing up new
custonmers and the |like, how inportant is the
representational risk associated with safety concerns?

MR STQUT: | think it's pretty huge. And if
l[ithiumion batteries in general are considered a risky
technol ogy that can't be -- can't have the risks nmanaged
and mtigated then -- there's -- there's always concern
that that would sl ow down the market, or we'll wait for
an alternative technology that has -- its traits m ght
not be as positive as lithiumion, but it mght be
safer, you know. There's always concern

MR HAJABED: | would echo what Mark said
here, and froma reputational standpoint, obviously, and
a safety standpoint, both are extrenely inportant. So
t hr oughout engi neering and technol ogy groups and sone of
the consultants that we work with, we nonitor what new
technol ogi es are out there froma fire mtigation and
saf ety standpoint.

But nore inportantly with sone of the
(i naudi bl e) we've depl oyed already, we're working with
sonme of the CEMs to actually go back and retrofit sone
of the existing assets that we have so we can bring them

up to code to avoid sone of the issues that we're
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seeing -- that we've seen in the U S and in the U K

So | think both are equally inportant
revisiting sone of the assets, that | would care to
avoid any future problens but also | ook at new
technol ogy and new code, and nmake sure that the
technol ogy and engi neering groups are inplenenting that
when it cones to procurenent and execution of projects.

MR, FLEI SHVAN: How wi despread, follow ng up
on that, do you think the practice is of having OEMs try
to help out with respect to retrofits? You know,
projects that were built before certain standards and
codes went into effect? |Is that pervasive? |I|s that
episodic? Is it a growng trend? Wat do people think?

MR. WARNER: We haven't seen nuch of it, and
nost of what we have seen are people bringing us in
shortly after the systemis built having us do kind of a
third-party review of the system This is nostly in
states where there is no fire code, and how t hey can
kind of bring the systemup to a level of safety as in
line with the code as possi bl e.

To be entirely honest, in a |lot of cases, the
way the containers were built pre-code, it's not going
to be cost effective to retroactively make them
conpliant with code or refit themin a way that's going

to achieve the sane |l evel of safety required in the
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code.

It doesn't nean that the systens can't be nade
safe in other ways, though. Mostly on the operational
and engi neering side, by creating controlled distances
by maki ng sure all the stakehol ders understand clearly
what needs to happen during energency event that the
fire departnment knows how to respond.

It may result in a loss of nore of a system
t han woul d have happened ot herwi se, but from a
perspective of preserving |ife and property, it doesn't
need to be catastrophic as |ong as everyone under st ands
what happens.

MR. FLEI SHVAN. kay. Go ahead.

MR GOLDIN: | think it's also early days, so
there aren't that nmany systens out there to be
retrofitted. On the large utility scale projects,
they're really just comng to fruition last year, this
year, and the next couple of years. So people have been
acting as if the codes were there, or they may retrofit
t hem because there's relatively few

On the residential systens, there's probably
10,000 -- or | don't know what the current count is.
Those woul d not be economcal to retrofit those systens.
Safety will be inplenented via software on those systens

for better nonitoring and visibility.
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"' mcurious what Mbe has to say.

MR. HAJABED: Yeah, on sone of the --

(Tal ki ng over one anot her)

MR, HAJABED: On sone of the 2 to 10 negawatt
systens that we've depl oyed already, there are ways to
retrofit those systens. There are sone cost-effective
ways to basically retrofit those systens. | wouldn't
say it would get themup to 55 conpletely, but it wll
get them cl ose enough where (inaudible) and you can
control sone of it through software. So fromthe
di scussi ons that we've been having with CEMs, again, its
early days, | think in certain instances, we're posing
sone of the questions for the first tine especially as
it relates to retrofitting.

In other cases, they've been asked the
guestions before and they're trying to wap their heads
around it thenselves to do it in a cost-effective way
and that's what we're working on with sone of the
installations that we have today. W're just starting
and we just got a report conpleted through (inaudible)
and we're foll owi ng sone of the reconmendations that are
init to get the systens up to code.

MR. FLEISHVAN. Got it. Let's turn a little
bit to some regul atory things.

We got inpact of regulation in the market and
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the FERC s energy storage rule order 841 has been on the

books for a little while and -- with respect to the RTCs
and the 1SOs. And the conpliance filing process has
worked it's way through. New York now says they're,
quote, fully conpliant and so forth.

To date, what's been the inpact of that energy
storage rule in the markets you all are operating in or
ensuring or involved wth?

MR, STQUT: And, Bob, do you mnd if -- 1I'd
actually like to talk about other California regulatory
I npacts.

MR. FLEI SHVAN: Ckay.

MR STQUT: |If we only want to tal k about the
FERC order, we can tal k about the FERC order --

MR. FLEI SHVAN:  Yeah, let's tal k about the
FERC, and then let's go back to California.

MR, STQUT: That woul d be great.

MR. FLEI SHVAN: Yeah, yeah

MR GOLDIN: So I'll coment about we see the
FERC order in the U S. and we see other regul atory
structures enmerging in California and Australia and
Germany, everywhere. It adds a lot of conplexity in
under standi ng how the batteries will be used. So
systens that have been put into place with a certain

daily use nodel now can profit from nore aggressive use
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to capitalize on the value stack or 841 revenue streans.

That makes it harder for us to nodel how the
battery is going to be used and how long it will |ast
when we're looking at the reliability case for the
batteries. So | think that adds conplexity to -- it
adds profit incentive -- profit cases for the system
owners, and conplexity for the vendors.

MR. FLEI SHVAN. Okay. Qhers on the inpact
that they' re seeing of the FERC energy storage rule?

MR GOLDIN.  Still early.

MR, FLEI SHVAN:  Still early, right. Right.
Well, Mark, what's California doing with respect to
regul ations and inplenmentation of its various nmandates
and policies, and what could we be doing better?

How about that as a lead in to the California
guestion? Does that work?

MR, STQUT: That works great.

MR. FLEI SHVAN:  Ckay.

MR STQUT: W are very excited about in the
fall the CPC had a decision that all the | oad-serving
entities throughout California would procure a total of
3.3 gigawatts resource adequacy, which, by and large, is
going to be energy storage and demand response as the
| ead technol ogi es.

So really no -- no significant fossil
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contributions of the 3.3 gigawatts. And it's -- it's

definitely kept us busy. There's a |ot of procurenent
going on. It's -- we call it the RFP tsunam and it
keeps com ng, and so very exciting tinmes on that. And
that's really just getting us started, 3.3 gigawatts,
and also the CPUC, as a result -- as a bill-out of the
| egislature to kind of |ook at sonme nore of the

| ong-term RFP perspective. You know, they're, | think,
currently looking at nore like 16 gigawatts total
storage procurenent in the not very distant future.

So, anyways, that's been going great. | don't
know, that's been so -- that's been so big I think
anyt hing negative |I could cone up with would pale in
conmparison, so I'lIl just leave it at that.

MR. FLEISHVAN: All right. Anyone else on the
California, what are they doing well, what could do they
do better question?

MR. HAJABED: Yeah, Mark, | tend to agree with
you. | think the only concern that we have is sone of
the procurenents that are happening specifically for
storage and standal one storage is di sadvant aged by
obviously not having the ITCis that storage is being
co-located to solar systens that are in the m ddl e of
the desert, as opposed to having the majority of those

storage systens in the |load centers where they're nade
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to solve probl ens.
MR, STQUT: Good point, Me. Yeah, that
was -- the whole -- so (inaudible) ran a -- they opened

up this big material nodification assessnent opportunity
|ate | ast year, | think in Novenber. And so if you had
PV plants -- these are all the way fromonline to in
devel opnent, and it would be online in tine for

August 1st, 2021, COD. That was the magic date. |If you
were online by then by co-locating storage by either

exi sting or very mature devel oped solar, and it was --
there was a |l ot of gigawatts of MVAs, Materia

Modi fication Assessnents, done. And | know the SEC
procurenent was highly oriented towards that, the npst
recent buys.

It was really if you | ooked at what was in the
gueue for standal one storage, that was project sites
that were in urban |load centers that were, you know,
good sites for standal one storage, there just -- | don't
know i f there was enough capacity for themto get the,
you know, they needed -- all the |oad-serving entities
50 percent of the 3.3 negawatts by August 1st, 2021.

And, you know, | think the utilities had to get
creative

MR FLEI SHVAN: Let ne follow up on the

regul atory front. Last week the FERC i ssued a very
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significant order -- well, I'Il call it significant --

order 2222 dealing with the aggregation of distributed
energy resources and they defined DER, distributed
energy resources, anong other things, energy storage,
demand response, energy efficiency, mcrogrids, and so
forth. And there wll be, you know, a |ong conpliance
process with the RTGs and 1 SCs as there was with 841 and
ener gy storage.

Just stepping back, though, what are fol ks
views on how significant the ability to aggregate and
bid distributed energy resources into the organized
mar kets? How significant wll that be in this space?
Recognizing it's very early to tell, and it's a | ong
order and all that. But at a high level of policy view,
mar ket view, what do you think?

MR, HAJABED:. Maybe | will take that given
that we're in the distributed space to a certain extent.

W think it's a big win for the industry, the
energy storage industry as a whol e, because sone of
t hose systens can provide additional benefits for the
end user, and being able to (inaudible)
front-of -the-neter markets or in front-of-the-neter
revenue streans, would nmake the use case or the business
case stand on its feet. But we've yet to see the

conpliance plan and the proposal and howit's going to
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get inplenmented, so we're cautiously optimstic.
MR. FLEI SHVAN: Ot hers on that question?
MR, GOLDIN: | expect it's significant, but |

think there is a thing that could be of greater
significance that is still m ssing.

MR. FLEI SHVAN:  Wsat is that?

MR GOLDIN. In tariff building or in value
recognition. So the value of resiliency of energy
storage is just not well characterized. So the value of
backup power to a energy customer or the val ue of
resiliency, it could be that the -- a mcrogrid tariff
for mcrogrids that are attached to the grid. So
perhaps this 2222 flows through and there can be sone
recognition of value of resiliency and --

MR, FLEI SHVAN: So followi ng up on that, are
you thinking that, you know, there are a range of
ancillary services at the whol esale | evel that do
di fferent things.

Do you think sonme of those need to be reshaped
or additional ancillary service products need to be
devel oped that woul d focus nore on the resilience
benefits of energy storage?

MR, GOLDIN: That sounds like a 3- or 4-year
t heoretical exercise.

| think the first question that industrial or
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residential or governnment custoners need to understand

is what is the cost to them of having the power go out.
So if | were here in California, the power went out
because of grid inbalance issues, and it's goi ng out due
to fire safety issues in a few days.

So what is the value of keeping the lights on?

MR FLEI SHVAN. So you're focused -- you're
t hi nki ng nore about the imediate issues, inportant
significant issues, wildfires in the west, and inpact,
and what things could be done to help that situation
much nore near ternf

MR GOLDIN: It's true. And | think that
there are research efforts and there are comerci al
conpanies trying to put sonme val ue on havi ng the backup
and resiliency, and energy storage is a key part of
that. And insurance -- you can insure against a grid
outage, it's not a common type of insurance. |It's not
the type of work that ny teamdoes, but it's just a
poorly understood value. And I think the DOE is | eaning
on it with large -- Berkeley National Lab has sonme work
on it, and (inaudible) has sone work on it. | think
that value is of a higher order than sonme of the
ancillary services revenue to the grid that have to work
t hrough several |ayers of regul ation

MR, FLEISHVAN:  All right. Any others with
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t hought s about how the increasing amount of wldfires is

i npacting enpty storage narkets and consuners and
resilience concerns?

MR WARNER: | think the challenge fromthe
safety perspective is going to be to nake sure we don't
create a circular | oop where wildfires knock out power,
peopl e go out and buy batteries, they install said
batteries on their homes of the U ban-WIdl and
Interface, which two years |later causes a fire, which
knock out nore power, which pronpt nore people to buy
nore batteries, ad nauseum

| think we need to nmake sure we understand
whether it's residential or small commercial systens,
but the manner in which we install these units are going
to create their own safety hazards and we're properly
regul ating the residential market, especially those that
live at the WIldland-Uban Interface, which is, you
know, a big chunk of the state at this point. Don't
further create their own safety concerns trying to get
away fromthe grid itself.

MR. STQUT: We're primarily in front-of-neter
but just in terns of, | think, the public safety
shutoff -- the whol e programthat has been going on in
California about the IQOUs, it's definitely created quite

a large market for residential solar plus storage.
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mean, | think that's one segnent that sales are really

strong, and sone of the residential installers they're
al nost like residential |IPPs have taken advant age of.

So it -- you know, it's a no-brainer. You' ve
got -- you've got so many people getting blacked out so
often that aren't in the Wldland Interface, but
they're -- the transm ssion |ines serving them are going
t hrough the wildfire regions.

MR, FLEI SHVAN: | guess followi ng up on that,
FERC has been focused on, and many in the industry are
focused on for a |lot of reasons; hybrid resources, solar
and storage, w nd and storage, and such.

As between the various kinds of generating
resources being paired with storage, what's the future
or what's the market for wi nd plus storage as contrasted
with solar. A couple of tinmes we hear fol ks tal k about
sol ar and storage. How about wi nd and storage?

MR GOLDIN:. It's a real opportunity. W're
seeing it in Texas, where there's a heavy w nd market,
and dramatic price swings for energy. So w nd plus
storage is growing in Texas. And as offshore w nds
starts to appear, the opportunity really conmes for
| onger duration storage. So noving power fromthe
weekends to the weekdays, because the wi nd bl ows on the

weekends and on the weekdays.
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MR, STQUT: | agree with Jay. LBL did a

recent study. Kind of put up on their website around
that research, and the interconnection queues are full
of hybrids including very strong wi nd plus storage,
particularly out in the Western U. S

MR FLEI SHVAN: And just generally follow ng
up on the question of queues in the various, let's say,
t he organi zed markets. How significant or not are the
i nterconnection queues and the length -- and the size of
themas it relates to hybrid resources? And | knowit's
region by region, but if we can just have sone general
t hought s about i nterconnecti on queue and i npacts on
hybrid resources, getting the nmarket, getting --
projects getting built? Any thoughts on that?

MR STQUT: Sure, sure.

MR, FLEI SHVAN: |'m not just |ooking at you,
Mar k.

MR STQUT: |'m happy to yield.

MR, FLEI SHVAN: That's fi ne.

MR, STQUT: Anyway, just like we saw with the
(i naudi bl e) having the huge, | think it was like 10
gigawatts of storage added to existing solar positions
| ast year. You know, that -- that is a good way to kind
of like -- if there's existing solar applications, it's

a good way to nove ahead in the queue and really
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accel erate interconnection of storage.
And I'Il just -- | mean, in general, hybrids
oftentinmes just make a | ot of sense. You can -- you can

t ake advantage of interconnection capacity and share the
cost, and there's just a lot of synergy all around. |
woul d say that you could even -- there's other renewabl e
technol ogi es you can add storage to. | know GE was big
on addi ng storage to the fossil plants. Not our thing,
but, you know, that's interesting.

MR, GOLDIN: Yeah, Mark, that's exactly right.
I think energy storage to fossil fuel generation sites
makes sense for sone. But it also -- there's a way to
accel erate interconnection by re-purposing fossil
generation sites. A lot of coal plants retired. W're
seeing -- there's going to be fossil fuel plants
retired. The value is the |ocation where the -- our
generation is and the interconnection.

MR STQUT: Right -- in fact -- go ahead, Jay.

MR GOLDIN:. There mght be a way -- we're not
just been in that process, but if there could be
accel erated i nterconnecti on queues for re-purposing
those interconnections, | think it would accel erate the
energy storage narket.

MR STQUT: So just to followon to that.

W -- in July, we acquired a 20-negawatt operati onal
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battery plant from AltaGas that was built at -- they

had, | think, a 43 negawatt single cycle gas turbine,
whi ch was part of the sale process they deconm ssi oned
and renoved.

So now, you know, we basically have a | arger
capacity existing interconnection in a 20 negawatt
operational battery, so there's -- you can do a lot with
t hat .

MR. FLEI SHVAN: We have tine for a few nore
guestions. | see one that's conme in asking generally:

How are you all financing both nerchant
storage and sol ar plus storage projects? Merchant
storage and sol ar plus storage projects.

Any high |l evel thoughts on that? They're
different.

MR STQUT: 1'll wait. Let ne know when | can
go on that.

MR FLEI SHVAN:. Jay, Mbe, any thoughts on that
one?

MR GOLDIN: | think Mark and Moe, you're the
ones who are actually owning and fi nanci ng.

MR, HAJABED: Maybe | will touch on that.
think financing (inaudible) are evolving as investors
are getting a better understandi ng of storage and the

different revenue streans that you're capturing when it
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cones to storage, especially as it cones down to

merchant. And what revenue streans are investors
willing to underwite when it conmes to nerchant in the
first place. In our early days a |ot of our financing
was done through equity and now we're starting to see
nore project level financing being put in place where
there is a portion of the contract of revenue streans or
for (inaudible) of revenue streans that finance is
willing to underwite based on operational experience,
and track record and the curve that you're actually
underwriti ng.

So for (inaudible) things are certainly
heading in the right direction when it cones to energy
storage, and the general understandi ng of energy storage
by investors -- or by the investor comunity. And,
again, we were acquired by Bl ackstone earlier in the
year as a result of themdigging in and understandi ng
nmer chant markets -- or understandi ng how energy storage
can participate in nmerchant markets a little bit better

MR. FLEI SHVAN.  Any further thoughts on that
guesti on?

MR, STQUT: Sure. Yeah, so | see Brett Sinon
had actual |y asked about financing nmerchant sol ar plus
st orage projects.

MR, FLEI SHVAN: R ght.
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MR STQUT: Really, | don't see anybody

doing -- | nean, it's pretty rare. | think First Sol ar
did a nerchant solar with no storage project, but that's
a unicorn. That's -- so what you see are sol ar plus
storage projects are, by and large, fully contracted
PPAs with revenue streans fromthe offtaker.

St andal one storage projects, at least in,
certainly, in California, tend to be heavily nerchant,
but many of them | would say nost, have a resource
adequacy contract with load serving entity, you know,
kind of for a mnority of the revenue. So, you know,
over 25 percent, but |ess than 50 percent of the
revenue.

MR, FLEI SHVAN: Ri ght.

MR, STQUT: And so -- so that kind of gives a
fi xed conmponent. You know the noney's there, and then
the rest of it is all -- | guess there's -- there's, you
know, enough confort with the forecasters, and there's a
| ot of people doing forecasts.

MR FLEI SHVAN:  Yep.

MR STQUT: You know, that -- that between the
mnority, the revenue that's kind of nore secure com ng
fromthe RA contracts, and the nerchant revenue, that
that conbination -- to get project financing you m ght

need to have a higher hurdle than if it was |ike 100
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percent contracted, like, a tolling agreenent. You

coul d probably have a | ower hurdle rate, but, you know
you just have a high hurdle rate. But there's enough
noney to be nade in the nerchant market that you can
sustain that higher hurdle rate.

MR FLEI SHVAN. Okay. Last question. And
this is another in the evol ving opportunity bucket.

Recently, M SO has gotten approved the ability
to have storage be considered a transm ssion resource
with respect to certain expansion projects.

What are your all views at the whol esal e
level, if | may, the opportunity to associate with
storage as transm ssion? Last question. [It's not quite
a lightening round, but |ast question.

MR, GOLDIN: | suspect that's a good question
for your next panel, Bob.

MR, STQUT: Bring on the RFPs.

MR. HAJABED: Yeah, but it nmakes sense.

MR FLEI SHVAN: Well, | guess that's a good
transition to the next panel because we're just about at
3: 30 Eastern.

And | et ne now i ntroduce Brian G eene, who is
also a partner at Kirkland & Ellis. He wll be
noder ati ng the next panel on capital providers.

And, with that, I'"'mgoing to go totally on
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mute. And thank you all panelists.

MR, GREEN. Ckay. Can people hear nme and s
me on the screen?

MR. BAXTER  Yes, | believe so.

MR, GREENE: Ckay. Good.

So ny nane is Brian Greene. |'man
infrastructure finance partner here in the DC office
Kirkland & Ellis. This panel is capital providers.
really have, | think, an all-star |ineup here.

W have an investnent banker, two of the
prem ere investors in the storage -- the solar plus
st orage space, and a devel oper who has backing from
preem nent -- excuse ne, private equity firm

So without ado, I'Il just give a brief
i ntroduction to each of them Qur first panelist is
Patrick Norton fromJavelin Capital. Patrick has
experience originating and executing in U S. renewabl
energy storage, energy efficiency, and energy
technol ogy. He has -- he previously worked at Energy

Foundry and Maritinme Capital.
Qur next panelist is Caleb Waugh. Caleb is

solutions team Team focuses on project and equity

162

MR, BAXTER: Hi Brian, you can go ahead now.

ee

of

Ve

es

the vice president in Macquarie Capital G een |nvestnent

G oup, and he works in the gl obal energy technol ogy and
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| evel investnents and good scal e energy storage,

di stribute energy resources and electrical vehicle
storage and nobility. He was previously at
Lockheed- Martin.

Qur third panelist is TimLarrison from
Primergy Energy. Timis the CFO at Prinergy Energy. He
has 25 years of experience in the corporate and finance
experience in energy, water, and tel ecomrunications.

And the past 14 years he's been CFO of a nunber of

di fferent organi zations, including, nost recently, he
was the CFO of ENG E Storage, which is formally the
G een Charge Network.

And our |ast panelist is Benoit Allehaut from
Capital Dynamcs. He's the managing director. He's on
the Clean Energy Infrastructure teamin New York. And
he's been involved in a |ot of very high profile deals,
recently including the Eland project with 8m nute Energy
and the Switch project in Nevada.

So with without further ado, | wll just begin
ki nd of asking our panelists sone questions and, you
know, we'll let the conversation go fromthere.

So ny first question is to Patrick and the
guestion is this:

If a devel oper, who is kind of newto the

st orage space, say they have a solar plus storage
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project with a big storage conponent. They cone to you

and they ask what they need to do to get an investor in
their project or their platform Wat's your advice to
t henf

MR, NORTON: Thank you, Brian. Thank you
everybody, excited to participate.

| think really the -- you have to -- | would
not not try to answer their question with a question,
but when you | ook at solar plus storage or standal one
storage, it's easily to group themtogether. 1In
reality, solar plus storage, there's actually three
di stinct business nodels, and sone revenue nodels. And
sone of them | ook and feel very simlar to a solar
proj ect w thout storage.

And, yes, there's sone nuance and, yes,
there's sone technical considerations, but it should and
is financed simlarly to how a solar project would be
financed. So that's one end of the continuum You go
all the way to the other end of the continuum And then
there's solar projects and storage projects that just
really happen to have the sane point of interconnect.

And those ones you can -- the solar project
and storage project acting independently of one another,
the storage project would have -- would it or would it

not be eligible for IPC, it's an ongoing question with a
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| ot of nuance. How does the storage side of the

equation make noney? |In all likelihood, it's probably
in the ancillary real-tine day ahead and capacity
mar kets, which are nuch nore merchant.

And you start to blend those two, and you have
the traditional solar investors that like -- that prefer
and have underwitten several tinmes the standard revenue
that's highly contracted utility or corporate type PPAs,
and then you have anot her bunch of revenue that's
merchant, and investors that underwite those.

And you |l ook at that as a (inaudible) diagram
there's not a huge overlap, so it does take a | ot of
time and consideration fromthe very beginning as a
devel oper of thinking about your revenue strategy, how
that woul d be perceived, and where there's overlap
bet ween those two, in nost cases, nmutually exclusive
I nvestor sets.

MR, GREENE: Actually, | think what you're
talking there is kind of the conplexity of a solar plus
storage project where there are a bunch of different
revenue streans.

Benoit, you know, 1'Ill ask you, you know,
you' ve been involved in a nunber of pretty high profile
deals recently. Can you talk a little bit nore about

how a storage plus solar project wwth a big storage

www.LexitasLegal.com/Premier  Lexitas 888-267-1200




© 0 N o 0o b~ w N

N N NN NN R R R R R R R R R R
a A W N B O ©O 00 N oo 0o M W DN +—» O

Video Transcription - September 22, 2020

166
conponent or a standal one storage project is different

and nore conplicated than just a, you know, just a
typi cal solar project?

MR, ALLEHAUT: Sure. So, you know, we have
seven projects on the construction right now, and we
have nine project in developnent in a partnership with
Tenaska, so roughly 2.9 gigawatt hours on the
construction and ei ght gigawatt hours in devel opnent.

W started three years ago with the interest
in really understanding inside out how storage works.
And what we saw and the organization we built was really
beefing up significantly versus what we see in solar.
As an organi zati on, we have al nost 100 peopl e, but
there's a |l ot of work being done on storage because the
first effort is really scaled up integration. And
especi ally when you have sol ar and storage |inked up,
you need to have the two conponents talking to one
anot her, so that you don't exceed your interconnection
point limt, which is a giant no-no.

In solar, you're relatively passive as a
producer; in storage you're not. So the integration
with the energy nmanager -- and we work really closely
wi th Tenaska on that, and being able to take decision on
charging and discharging is pretty critical

And then the reality is that storage is an
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equi pnent that needs to be operated with really, really

careful operating paraneters. State of charge and
cycles and the |ikes, but then even in the design, you
know, we've seen all kinds of technol ogies, all kinds of
chem stries. You have to | ook at ESG and the question
of cobalts. You have to | ook at whether you work with a
systemintegrator or not. You need to |look at credits,
you know, for as much as | |ove Tesla, they burn a | ot

of cash, but we bought a |ot of negapacks. What kind of
battery augnentation strategy.

So we're massive investors in solar and we're
going to have a very large portfolio in hybrid plants as
wel | as standal one plants, but it's really all hands on
deck in ternms of putting it together.

MR. GREENE: Ckay. Tim | think Benoit
started to tal k about the energy managers and the w aps
and the kind of track record and experience of the
contractors and manuf acturers.

You began your career working on thernma
projects back in the '90s. How have you applied the
| essons that you've | earned on those deals to your new
career as a battery storage devel oper?

MR. LARRI SON:  You know, the biggest thing for
me is not what should you do, it's what you shoul dn't

do. And ny experience, and | think a | ot of people who
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have those, you know, who have a | ot of energy

experience would say, Don't make too big of a bed out of
aggressi ve nerchant curves.

And | think a | ot of people are tal king about,
you know, standal one storage, and these are nerchant
assets. They're like old gas peakers, but they're nore
conplicated. And, Brian, as you and | discussed,
they' re ol d gas peakers that are nore conplicated
wi t hout Sienens and GE standi ng behind those assets for
25 years.

And then you layer on top of that this concept
of SCADA or energy managenent systens in the new
parl ance of energy storage, which is, you know, a wldly
conplicated piece of software to make these things
operate. And if you're participating these in the
energy markets and the whol esal e markets, |ayering very
conplicated software on top of an unproven asset wth,
you know, a | ot of conpanies don't have the conpliance
teans that the banks or, you know, the old nerchant
energy conpanies had. It takes a |ot of care.

| joke that if you don't have a coupl e people
from Enron on your team and you're thinking you' re going
to participate these in the whol esal e markets, you
shoul d -- you should think | ong and hard about it.

MR. GREENE: Just a coupl e days ago, Wod
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Mackenzie canme out with their third quarter 2020 report,

and it had an interesting comment that |'m going

operati ons and nmi ntenance contracts, as well as,
preventative mai ntenance, service key differentiators
for integrators. Those who can take on nore risk and
mtigate it through hardware and software expertise have
a leg up over their conpetition.

You know, given what both of you said there,
at this point in 2020, what val ue do devel opers and
investors put on a wap, or is it sonething that, you
know, you think still -- you know, the conpanies are
still rep developing a track record in a couple years
before that is kind of one year, you know, primary
considerations in determ ning whether to investnment or
go forward with the project?

MR, LARRISON. |'ve got -- when you tal k about
wrapping a battery energy system it's, you know,
obviously the devil's in the detail on it and what the
wap |looks like. But it also conmes down to, you know,

t he bal ance sheets of suppliers right now and
i ntegrators.

As | said, there is no GE or Sienens in the
mar ket today. So it's kind of, you know, can you get a
wap froma big EPC that actually covers your risks, you

know. In many cases | take the bal ance sheet of the EPC
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over many of the suppliers on the market today, but

that's from our perspective.

MR. ALLEHAUT: I'll just add a few things.
First of all, there's Sienens on the narket, that's, |
t hi nk, (inaudible) would agree not to be recogni zed for
that. There are additional waps available. W've put
(i naudi ble) on quite a few of our projects, on top of
Tesl a.

| think, overall, long-termcontractua
service agreenents are preferable from prudent
investors. A lot of the battery is really very carefu
design up front, where you overbuild the project. It's
part of the ITC strategy. So the reality is that you
are at 115, 120 percent and your sell towards a capacity
decline that you'll change after a couple of years.

But to echo what Timsaid, you have to be very
careful around Ts and Cs. W spent an entire year
witing the contracts. So we didn't accept what we cone
out of the market we wote it, and we ran a very, very
conpr ehensi ve RFP

You know, at the same tinme | hope we don't
live in a world of GE. 1've worked for GE. | have GE
equi pment. It falls all the time. You know, | would
rat her not have the technicians cone on a regul ar basis.

So we are |looking at, carefully, at performance. And,
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you know, truth be said, the availability of a negapack

ri ght now based on available data is pretty good.

But, you know, it is still energing
technologies and it requires a |lot of oversight.

MR, LARRISON. |'Il take your point on
Sienens, it's a fair one. You know, having cone froma
conpany where we operate a | ot of these systens, you
know, over a period of sort of six or seven years. They
break down, is what | would say. And, you know, it -- a
| ot of technicians in the field, a lot. And, you know,
again, it's a new technology as you said, but it's --

MR, ALLEHAUT: There is -- there is, though,
one thing that is quite interesting wwth batteries, and
it's something quite simlar to solar, and that's the
nodul arity aspect. So | own wi nd, and, you know, when
one single wi nd turbine goes down, it takes an entire
string. And it's really, really aggravati ng.

When you have a single sort of panel that goes
down on a field, you don't even seen it. For the very
sinple reason of the DC/AC ratio overbuild. On the
storage side, you know, the maxi num nodul ar we see is 3
nmegawatts. So when you have a very |arge system you
will potentially have individual failures, but it's not
i ke you' re taking down an entire 7FA gas turbine.

So the (inaudi ble) aspect is sonething that is
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often not quite picked up. And it's interesting as well

to think about storage systemwth inherently somne
overbuilts within these batteries, and being able to
suppl enent through software an individual nodul e going
down.

But, again, there's a |l ot of nooks and
crannies, and it wll require a lot of oversight. But |
al so recall when | started in solar and everybody was
afraid of it, and, you know, it was an experienced curve
and it's pushing down best practice.

MR, GREENE: Caleb. Question for you

What are the key chall enges for energy storage
at this stage in 2020? You know, both in terns of
regul atory and technol ogi cal chall enges and what's
hol di ng you and ot her investors frommaking a -- nore of
an investnment in energy storage or solar plus storage at
this point.

MR. WAUGH. Yes, certainly. Thanks, Brian.

"1l probably just focus on challenges | argely
froma financing standpoint. | think Timhit on it
pretty well. There still is quite a bit of challenge
getting confortable with the nature of project |evel
ri sk and merchant risks because fundanentally it is a
different type of nerchant risk and exposure than sol ar

When you're betting on forward curves around
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batteries, you're primarily betting around ancillary

service value and future energy price volatility.
That's quite different than just betting on, you know,
average energy prices, you know, on or off peak hours
as, you know, you mght with a solar project. And so
that continues to be -- to be a | arge chall enge.

| think that it just takes tine to get
confortable with, and it really takes tine to really
guantify those chall enges and understand them So |
think there is a need to reduce or better understand the
nature of that risk, so that it can be, you know,
properly -- properly, you know, val ued and eval uat ed,
you know, when you're | ooking at project econom cs.

| think that's true on the grid scal e side,
you know, certainly for large, you know, scale batteries
or standal one batteries or batteries paired with sol ar.
I think in some ways it could also be true on the
distributed side. Mny of those projects you re making
bets around abilities to reduce custoner's denmand
char ges.

You do the paper exercise. You do the
anal ytics. You know, you show all the peak shaving, it
| ooks like great. Wen it cones tinme to who's actually
going to stand by and back whatever that savings m ght

be, oftentinmes a custoner nmay want sone sort of savings
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guarantee, then the project owner/developer is trying to

sell that, would rather, you know, that risk be on the
custoner side, and so there's -- | think there's still
some -- I'mfiguring out just how to address that on the
di stributed side.

From technol ogy, there's certainly still, |
think, sonme growing pains with lithiumion, but | think,
by and large, investors are fairly confortable with a
ot of the tier 1 battery providers and integrators.

You know, still sone things to be ironed out, but we're,
I think, in a fairly good spot.

| think the biggest challenge there is there's
a lot of energing new storage technol ogies, both
batteries and others, that can be very conpetitive and
address a lot of future applications we see for
batteries, especially around | ong-duration storage.

And | think a biggest challenge fromthe
technical side is that those devel opers -- those
technol ogy devel opers are going to face is really
getting to a point of technology bankability. And so
you nmay have a technology, it works great, you prove it
inalab, it's been operating a year. Taking that next
big step to really bring in | arge anounts of project
financing to back that technol ogy when the busi ness case

is depending on its last, you know, 10, 15, 20 years, |

www.LexitasLegal.com/Premier  Lexitas 888-267-1200




© 0 N o 0o b~ w N

N N NN NN R R R R R R R R R R
a A W N B O ©O 00 N oo 0o M W DN +—» O

Video Transcription - September 22, 2020

175
think that's going to be the next big challenges froma

t echnol ogy st andpoi nt.

MR, LARRI SON. Yeah, it's interesting, Caleb,
when you tal k about distributing and, you know, you can
have the best software in the world and I know you guys
had the M5 portfolio for awhile, and I think you
probably feel pretty good that there is an underlying
contract with the LCR underneath it. Because when you
start projecting out things |like peak shaving for
behi nd-t he-nmeter storage applications, and thinking
about financing that, it's a long stretch, right,
it's --

MR, VWAUGH: Yeah.

MR, LARRI SON: You know, again, my previous
life, you know, running hundred of those things.
They're -- they don't really operate the way you think
they're going to operate or the way the software
engi neers think they're going to operate. So | think
it's a big challenge, | think, just for
behi nd-the-nmeter. And then when you go in front of
these larger utility scale and, you know, the punishnent
is not just mi ssing revenue, but if you actually are in
t he whol esal e markets and you m ss windows in the
whol esal e market, you have bi gger problens.

MR, WAUGH. Absolutely. And | think one thing
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I found, if you're |ooking for kind of a blueprint for

the type of structure you would like to see in a
project, | think, in general, the nost successful
projects are one in which you have at |east sone basis
of contracted revenue that you can rai se debt against.

And, yeah, | nean, it can be, you know, 30 to
50 percent. But at |east you have sone basis upon
whi ch, you know, you are benchmarking that against a
much cheaper cost of capital. And, certainly, yeah,
you're open to taking on sonme of that nerchant ri sk,
you're certainly open to kind of taking on that
exposure. You're probably going to discount that val ue
quite a bit until you get fairly confortable with, you
know, it's going to be a nmuch higher return of
expectation on that.

But, in general, if you can find places where
you can kind of pair at |east a steady contracted cash
fl ow enough, you know, to raise, you know, to raise debt
against, | think -- | think there's enough confort now
to be fine taking on at |east sone |evel of nerchant
exposure.

MR, ALLEHAUT: | think the inportant piece
is -- and Cal eb you touched upon it -- the word nerchant
is slightly msleading; the right word is really

volatility. And the interesting aspect in markets |ike
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(inaudible), is that the retirenment of thermal is just

addi ng trenendous volatility.

And that's really the big conundrum that on
one side we tal k about decarboni zati on, but on the other
side of the |ledger you have intermttency. And attached
to the intermttency is climte change. And what was an
exceptional year of fire becones every summer a year of
fires.

So when we worked with Tenaska on the
acqui sition of their devel opnent portfolio, all of these
batteries are |l ocated on the coast. So it's really
hard, 1'lIl tell you, to acquire real estate in San
Franci sco or San Diego or LA, but what you have is a
gi ant novenent of what was thermal on the coast next to
the | oad to renewabl e energy assets in the desert, and
it all relies on transm ssion lines. And when these
transm ssion |ines have problens, you know, you
basically see huge basis differential and volatility in
t he market .

And as you project yourself around conpliance
in (inaudible), you have to build a huge anmount of
batteries to start chipping at the (inaudible) curve.

So that's sonme of the fundanentals are really driven by
regulation, and I don't think volatility is there

(i naudi ble) in California.
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(Tal king over one anot her)

MR, NORTON: | have a counter point to Tim and
Cal eb's piece of ideal structure being a little bit of
debt and having a base of contractedness. So, yes,
certainly, | think that is one of the business nodels.
But | think the thing we think about -- or naybe | ose
sight of are two things with energy storage.

First, isit's not uniform And there's not
even -- there's tons of different revenue profiles, but
even nore fundanentally there's -- people can use them
fundanentally differently. So, yes, there are resource
adequacy type contracts, but they can al so be financi al
opti on machi nes, they can be generation hedge machi nes,
they can be a piece of T&D equi pnent.

So when you have that nuch variability in just
the core use case, the revenue case then propagate from
there, is we as an industry need to nove past trying to
shoehorn every energy storage asset as an infrastructure
asset; they're not. The vast mpjority of themare not.
They are uncontracted, volatility capturing, ancillary
servi ce machi nes.

And so | think that's the biggest issue | --
we see, is investors comng fromrenewables is trying to
take their paradigmthat worked in renewabl es, and apply

it to an asset class that really isn't the sane. And so
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| think that's -- one piece as we get a |ot of people on

the line here is just to echo that point. Kind of
consi stently, we've been shouting it fromthe rooftops
for three years now.

MR, LARRISON. It's a great point. Because --
and | think that the point, Patrick, is that there is no
busi ness nodel for energy storage. | wish -- just from
ny seat as the CFO, | wish that every project was |ike
our Gemni project. Wiere it's 25 years of contracted
revenue with NV Energy. It nmakes ny life very easy to
to (inaudible) 4 gigawatt hours of storage and 25 PPA
with NV Energy, right?

But the reality is fromny past years
experience is the business nodels are different from
mar ket to nmarket, and nmaybe even locale to locale. So |
think Benoit was getting at what --

MR, NORTON: Definitely.

MR, LARRI SON: -- you need in Southern
California is very different than what you need in
west ern Massachusetts.

MR, ALLEHAUT: | just want to echo what
Patrick said, because |I'mjust amazed that people do
| essons learned fromCalifornia and think it applies
everywhere. | just -- we pass on every single storage

project at ERCOI. | just don't understand. W know the
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ERCOT market well. | don't understand the logic at all.

And, you know, maybe |I'mwong. |'ve been
wrong, you know, in the past. But it feels Iike people
are adopting blueprints and they think it's the sane
everywhere. And | agree with Tim we have a whol e bunch
of tolling agreenents. They're great. But you al so
have to build the project well. So that's what keeps
everybody away, because build well, get in on tine, good
quality. That's already half of the journey.

MR, WAUGH: Yeah, | certainly agree with the
point that | think every market certainly is very nuch
different and introduces different market dynam cs.

On the flip side, | think there are sone
things that we do see that are sonewhat uncommon by
mar kets. But probably, primarily, is that the highest
val ue opportunities in nost markets are always first in
ancillary services, and then kind of second in energy,
if you kind of |ook at a market specific (inaudible)
for, like, revenue stack. And if you kind of do that,
co-optim ze exercise across the different revenue
stacks, | think we would still see a |lot of those.

Li ke today being primarily driven by ancillary
services with the expectation that over tine that wl|
shift nore and nore to kind of an energy market. So |

think the biggest challenge today is that if you are to
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do kind of a project which is nerchant, you are kind of

bet on a coupl e things.

You're betting on the tinme that it takes kind
of those very shallow ancillary service markets to
saturate, you know, very simlar to what we had seen in
PIM And kind of the tine that it takes for a | ot of
that volatility to potentially increase with the
i ncorporation of renewabl es.

And then you're al so naking a bet agai nst kind
of the continued cost reduction of future storage build,
that eventually will actually start depressing the kind
of arbitrage spreads. So | think it's kind of in a high
I evel, there's a |ot of things we think about as far as
kind of the type of exposure, understanding the way that
those kind of trends unfold in each market will be very,
very market specific and kind of dependent on its
resource buil d.

MR, ALLEHAUT: And, Cal eb, you were saying
sonething very inportant. |It's better to be in an
envi ronment where the return is a declining bal ance than
t he pseudo hockey stick, so...

MR, WAUGH: Absolutely, yeah.

MR ALLEHAUT: [|'Il take that any day.

MR WAUGH: Absol utely.
MR

GREENE: Qur | ast panel question for this
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panel which is the future of energy storage is

transm ssi on.

You know, wanted to get your thoughts about
that and what markets you m ght see that happen outside
of , you know, maybe California. And, you know, second
ki nd of everyone's seen a lot of activity in places |ike
Hawaii, in the residential side in California and
Nevada. Wat other states in the com ng year or two do
you see growh in energy storage or storage plus solar
proj ects?

MR, ALLEHAUT: Brian, | think what's
interesting is that when you do devel opnent and you see
the type of transm ssion upgrades, in sone places you
have to face, for the tine you have to wait until you
get your transm ssion upgrade. You just realize that,
you know, it's -- it's a problem And the extraordinary
potential benefit of storage is, you know, on the rate
basi ng approach to unclog transm ssion and nake its use
nore efficient.

So |l think it's very nascent, these val ue
proposition are, you know, being whispered. But in
pl aces where you have sone of these congestions that can
be addressed by shifting, you know, sone of the
transm ssion usage, it really becones interesting.

Because | renenber hi msayi ng when you start a
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transm ssion project, you know, your kids wll finish

it. That's pretty long. So situations where you can
address it, you know, with storage, it's really
beneficial to the overall market efficiency.

MR. GREENE: Are there enough markets right
now where there's the regulatory systemw || actually
provide the right incentives or is that sonething that
we're going to need to see devel op over --

MR, LARRISON. | was going to say, Benoit, you
need to answer the question of where you're going.

MR ALLEHAUT: As | say, it's being whispered.
You have to lead into here. No, but a good exanple is
fol ks are tal king about, you know, using storage in lieu
of transmi ssion in the Bay Area. So, you know, sone of
these short-termtransm ssion lines are incredibly
expensive. So there are these, you know, these
opportunities as the grid changes, you know, you find
yourself with natural transm ssion constraints. But,
you know, anything that cones as a BTA or rate based,
you know, it's always, you know, a |long journey on the
regul atory side.

MR, LARRI SON: The regul atory environnment |
think is very, very challenging right now And I
don't -- | don't think that various regul ators have

fully thought through the inplications of storage. You
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know, | think there's trenmendous work goi ng on and that,

you know, we'll eventually get there, but, boy, it -- |
think there's sone battles ahead in how -- you know, how
batteries are going to work for transitioning assets,
and hopefully they do get rate based and in the
appropriate places, but | think there's a real battle
that needs to be fought going forward in the various
mar kets across the country, because the regulatory
environment is not -- it just isn't there yet.

MR, NORTON: And fromny perspective, Brian, |
that's a good question. | think there's going to be a
much bigger fork in storage than there was in other
fornms of generation. In terns of there's going to be
devel op, build, transfer and the utility is the ultimate
owner of the pole and line regulated utility. | think
that's going to happen nuch nore frequently.

There's a ot of -- there's 50 different PUCs,
and each one will have a different view | think a
decent nunber of themw || say, Ckay, this is P&, let's
rate base it. And | do think there's people with their
pen over the paper right now waiting for us to say a
state, so |l wll, for the third-party owned. So | think
ot her than the ones that are prom nent now, and there's
deals that are either getting done or in nmarket now. |

think Virginia, upper New Engl and, and sel ect parts of
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M SO are the next waive of third-party owned projects.

MR, LARRISON. So | agree. And people don't
tal k about it enough, because I'Il go out on a linb
here. 1 think they are furthest along as far as
regul atory environnment on how to use batteries in the
mar ket, which coul d be debatable, but that's what |'ve
been feeling that |1 SO New Engl and has done a really bang
up job in setting the regulatory plate for storage and
sol ar plus storage.

Smal | er markets, Caleb, as you said, | think
sonme of the ancillary markets are super shallow, but
it's a good one. Smaller assets but a good one.

MR ALLEHAUT: And by the way, just when you
have utilities sponsoring storage for EV charging, you
know, in effect, it's alittle bit |like storage in New
York transm ssion.

So it's interesting that, you know, they are
pushing quite hard in that direction

MR GREENE: | don't know if anyone saw, you
know, while we've been at this conference, Governor
Newsom in California announced that there was going to
be a requirenent that there are no -- no gas cars or
trucks after -- sold after 2035 in California.

| wanted to see if anyone had any kind of

i mredi at e t houghts on that and whet her that would kind
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of help further bol ster the market.

MR, LARRISON. It's a perfect -- just real
quick, it's a perfect regulatory issue, right, to ne.
Which is | et behind-the-neter storage assets, whether it
be chargers or CNI energy storage assets export to the
market. And if they can't export to the market, then
you're leaving a ton of value on the table. And | think
it slows down deploynent for third-party owners.

MR ALLEHAUT: | just reconmend to everybody
to look at the Tesla Sem. | nean, it hasn't cone out,
but really look at the Dainmer Cascadia or the BYD, ATT,
all of these things. |It's comng super fast. It's
pretty inpressive. And we're going to see, you know,
Class A, Cass 7, Class 6. Al of these things are
com ng. So the reason why he made that announcenent is
he knows it's com ng.

MR, GREENE: Patrick, one nore question for
you. We had tal ked about kind of the universe of
investors. You know, at this stage, conpared to kind of
t he nunber of investors that you could go out to for a
sol ar project, how many investors are interested in a,
you know, standal one storage project in a, you know,
sol ar plus storage -- you know, co-located or a very
| arge battery?

MR NORTON: So on the standal one, | think the
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standal one's third project -- and we have very recent

experience of this -- is the level of interest is
exceptionally high. But you should anticipate that your
batti ng average is kind of in the Randy Johnson range,
so it's going to be quite low, the nunber of fol ks that
can put through a qualified bid.

Again, a lot of it cones fromrelative
newness, a paradi gm at which people used for the past
kind of eight to ten years, the renewables, it's tough
to transfer sonme of those. And then last is a |ot of
cases they have LP commtnents, and those LPs have
certain requirenents on what they can and cannot i nvest
in.

And so it just requires a little bit of
evolution. So it's still -- even though the interest is
hi gh, the true nunber of equity, preferred equity, kind
of corporate |evel investors, and senior debt, are
inproving. |'mactually inpressed of how well
particularly on the debt side, how nuch things have
advanced in the past 12 nonths. But it will get there.

As an industry as a whole, operating end val ue

will increase, |E reports authored will increase, and
nore and nore capital will cone in, and it wll becone
nore wel | -known over tinme. | can't say with certainty

it wll be a lower cost of capital, but there's a --
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think a ot of signs pointing towards that and that just

comes with conpetitive tension that's here, and here and
live and standal one -- and just solar. And so | think
that's -- it's comng and there's a lot -- no shortage
of interest that there can at tines be a shortage of
qualified interest.

MR, ALLEHAUT: Yeah, | think there's
definitely | ess storage assets available than there is
in solar. There's a lot of bad solar projects out there
as well. Anybody can put an interconnection
application, but very, very few people know how to do
the procurenents and the design of a battery, how to put
an energy nanagenent contract.

So it's not surprising to see LS power,

Vestra, folks like this, lIike ourselves, really, you
know, right now have a pretty big footprint. There's a
whol e bunch of platforns for sale. You know, we see
this wwth key capture and others. So people, you know,
are thinking about that, you know, broader play, but

i ndi vidual assets available are few and far between for
sure, and it's -- it's a very specialized set of

i nvestors who have scale and it's variance or sone
experience.

MR, GREENE: Couple tinmes in this conversation

peopl e have touched on the energy manager rol e which,
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you know, for, you know, a solar project either doesn't

exist or is mnimal in battery storage, it can be very
poor. And so naybe you can -- soneone can tal k about
kind of what part energy manager role plays, whether
there are certain, you know, conpanies that build a
track record, and kind of the, you know, different
factors that you look for in a project, you know, where
that weighs with other things like, you know, the wap
or, you know, other kind of critical risks in how you
structure a deal.

MR ALLEHAUT: [|'Ill start. It's really
massi ve. You know, you have TPS, Tenaska Power
Servi ces, you have (inaudible). You have a bunch of
guys, | think, that can do it. Wen you | ook at how
revenue gets formed, you know, from scheduling in
ancillary services, alot of it is -- is power in the
five-m nute range.

So when you start in battery, you think, oh,
I'"'m buying at 1:00 p.m and I'mselling at 7:00. It's
way nore conplicated than that. There's a |lot of
machi ne learning. This is not about a guy sitting at a
desk doing trading. So, you know, it's -- but at the
sane tinme, as an owner, you al so have to have the
infrastructure to set uprighting limts.

You know, there was a good exanple this sunmer
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where, you know, the market was, you know, very, very

high, and the real tinme market was horribl e because
PG&E, you know, moved out a huge amount of |oad. So
it's sonmething, you know, you have to nonitor the person
who nmanages on the energy side. You have to create the
incentives and at the sane tinme, you know, do that risk
managenent .

MR. LARRISON: | would love to hear what Cal eb
says given the experience with AVS. But, you know, it
takes -- Benoit, the risk managenent piece is critical,
critical sort of old energy with new technology on it.
The new technol ogy, which is the software interface,

IS -- just cannot be understated, right? It is a -- |
know, again, at my previous enployer we spent seven
years and had 20 Silicon Valley software engineers
working all the tinme to build out that -- that -- that
ener gy managenent piece. It is very, very conplicated
and costly. And once you nmake a bed, it's very hard to
renove that software fromthe storage system

MR, NORTON: And | would add that when you
t hi nk about the energy nanagenent piece of an asset,
that, air quotes, nerchant, we use the term
non-contracted, but that has exposure, market exposure,
that it's really one of the critical pieces.

If you invest in -- directly in a project or
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you invest in a platformthat owns and operates

st andal one storage projects with nmeaningful -- with not
that nmuch of contracted revenue, it's either the nost or
one of the nobst inportant aspects.

And the necessity or -- anything this is an
i ndustry early in the maturation cycle. So | think you
can be good or pretty good at trading and still make a
good anount of noney. As it beconmes nore conpetitive, |
think you have to be excellent to make any noney on the
tradi ng side.

So having, you know, whether it's internally,
probably internally, or externally, having that
capability inproving your algorithns, your system your
tradi ng phil osophy now, | think is a meani ngful
advant age that you can make a | ot of noney now, but
inmportantly it will be a key defensive piece as nore and
nore people nove into the storage space.

MR, ALLEHAUT: The one thing I'll say,

Patrick, is that, you know, the market has sone kind of
natural inefficiencies that everybody benefit from You
know, the reality is when you have intermttency when
you | ook at particular cycles of spring, you know, with
alot of intermttent resource, but at the sanme tine,
you know, a thinner load. You basically start to see

peri ods where everybody -- you know, you have to be
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really, really, really bad, you know, not to generate

Some revenues.

But to your point, then there is, you know,
return, you know, getting sonme better return. The other
issue is really on the software devel opnent. It's -- if
everybody worked with the sane software, then nobody has
a conpetitive advantage. So, you know, you al so have to
have your own algorithmso that you're not turning into
a passive investor.

MR VAUGH. | woul d say what we've observed,
the nature of software for trying to optim ze agai nst
ki nd of peek demand charges and (i naudi bl e) application
is definitely quite different than if you're trying to
optim ze in a whol esale market. Wat we've seen at
| east kind of for whol esale market, there's a couple
projects particularly in California nowthat are
operational, you can go onto the FERC website, you can
actually pull up, you know, operation, how well they
per f or med.

You know, there is a trend that over, you
know, the |last three years that sone of these -- the
anount of revenue captured versus, you know, what one
thinks optimally is available has inproved over tine,
and sonme of those have been projects where they actually

are not using algorithmc trading. It is, you know,
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kind of traditional trading, but there is trading kind

of against both, you know, (inaudible) in real-tine
mar ket .

So that's an interesting observation. | think
there is sonething to be said that you can -- you can
becone over aligned on kind of conputerized or
algorithmc trading to the point where, you know, there
is a need for sonebody, | think, to oversee that and
wat ch that and, you know, add that human el enent, you
know, just -- there's sone things that, you know,
potentially algorithmc trading can't capture that you
may want to think about.

But, yeah, | think in general we've seen kind
of the ability of those platforns that capture val ue
improving and it will be interesting to see what happens
when you have many, many people conpeting for the sane
hi gh price events collectively as you have nore and nore
mar ket entrance.

(Tal ki ng over one another.)

MR, ALLEHAUT: Sorry, | was going to say on
the technical side, you know, hybrid plants are very
i nteresting because what you have is a bunch of
inverters that are solving to an MPPT with |ine | osses
to get to a point of interconnection.

And now suddenly you add all of these
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inverters plus the battery that does injection and

discharge. And | said it earlier, don't exceed your
poi nt of interconnection. Basically, now what you have
is an oversized DC systemw th an oversized

suppl enentary AC system And it's going to be
interesting to see if this is done well or if, you know,
you find out that the software integration of solar and
storage are, you know, cones with expensive hiccups
because the fines are pretty substanti al.

MR GREENE: Tim | think you and | tal ked
about it in addition to the interconnection issue,
there's your warranty and naki ng sure, you know, how
you' re using the battery doesn't, you know, void your --
your warranties of the use case that was expected. So
seens to ne that's obviously another, you know, barrier
in ternms of, you know, possibility for --

MR. LARRI SON: Yeah, and, again, this goes
back to ny initial statenent. | appreciate that you
you know, it's difficult to work with (inaudible) make
noney fromtheir -- their O&M agreenents, but you knew
they were going to be there. And, again, nmy experience
with operating batteries. W use both integrators and
we i ntegrated ourselves, both nodels.

The inverters break down a lot if you don't

operate the battery a certain way on tested technol ogy.
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Sonetines the batteries don't work. And if you don't

have a good integrator, everyone's pointing fingers at
one another, and it's -- it's an expensive problem

Agai n, new technol ogy and that the -- the need
to have that performance guarantee over an extended
period of tinme on a |large investnent, | don't know how
you get away fromit today. And |ong-term perfornmance
guar ant ees agreenents, again, fromny seat need to be
backed up by a bal ance sheet.

And, again, GE was a pain in everybody's butt
forever, but you knew they were going to be there. So
|"'mnot quite sure who that -- that -- that partner is
today in the energy storage busi ness.

MR, GREENE: | think we've gone a couple
m nutes over here. |'Il kind of |et anyone who wants to
gi ve sone final thoughts, you know, go ahead. O herw se
| know Bob have been kind of popping back up on the
screen, and | don't know if he or Richard are planning
on giving any closing remarks here.

MR, FLEI SHVAN: Not fromnme, but | do pass the
baton to Richard. He's the naestro here. Richard?

MR. BAXTER. No, | think this has been
wonderful. W let it go because in person or on the web
this has been a fantastic talk.

So | think, Brian, it's a great idea that we

www.LexitasLegal.com/Premier  Lexitas 888-267-1200




© 0 N o 0o b~ w N

N N NN NN R R R R R R R R R R
a A W N B O ©O 00 N oo 0o M W DN +—» O

Video Transcription - September 22, 2020

196
| et everybody here have their final points, and then

"Il close it out.

MR, ALLEHAUT: [I'IlIl just nmake one coment. |
was at GE when we financed the |argest solar project in
the world in 1997 and that was Serpa in Portugal and
that was 11 negawatts. So that was not a |long tine ago,
and what anmazes ne being in this sector and even having
this conference is the technol ogy changed, how things
changed is just mind blowwng. So the reality is that
you start in power and you're told you can't store power
except for hydro, and what we're seeing right nowis
just a nassive paradigmshift.

MR, LARRISON. | agree wth that. The
paradi gm shift is trenendous and, you know, also living
t hrough the '90s when the energy markets were changi ng
so rapidly and dramatically. It really, what's
happeni ng now, pales in conparison, and it couldn't be a
nore exciting place, dynamc industry to be in with the
new t echnol ogy that's being introduced and the anount of
capital that's cone into the narket, and |I believe wl|l
continue to flow into the market.

And it will take people building good projects
to make sure that -- that -- the capital continues to
flowinto the market |ike we've seen, and, you know, |

just -- | believe that it's -- it's a very exciting
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crossroads that we're at.

MR, NORTON: From ny perspective, echoing
everything that you guys said, this is a very
interesting time. | think the fact that there are
several different markets, each of which has a very
di stinct sem non-transferabl e business nodel, creates a
| ot of market dislocation. And whenever there's market
di sl ocati on, and whenever there's an industry early in
its maturation cycle that should have a big light-up
sign that says, "Qpportunity.”

So there's a |lot of opportunity out there. It
just takes a lot of tinme, creativity, and to get up to
speed, but | agree that this is -- this is here, and
it's going to only grow.

MR, WAUGH. Yeah, | think that suns it up for
me. We're in the trees for all of the kind of near term
chal l enges, but | think we're still going through
grow ng pains was one does in a new and naturing
i ndustry. 30,000-foot view, though. Al the market
fundanmental s are sound, and we'll just continue
I mprovi ng.

MR, BAXTER. G eat. Thank you very nuch.
Actually, Brian, did you have anything you wanted to
add?

MR, GREENE: Turn it over to you, Richard.
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MR, BAXTER: Ckay. Al right. Well, thank

you very nmuch for staying with us here.

Sort of our next steps. After this we'll be
sending out inalittle bit the -- an e-mail to everyone
with the slides and a link to the video. W'II| also
have -- we're going -- this is the -- so right now we're
all in San Francisco.

In January, we'll be having our New York
conference. And so we'll be sending out the Save the

Dates for that one as well very soon, and so you can

| ook for that and then follow it for the registration.
And then afterwards, you know, a lot of this what we're
trying to do is -- what |'ve been trying to do with
these is to -- exactly what we've seen here: Provide a
pl atform for people to showcase what's really inportant,
and not necessarily everybody saying | have the right
answer. No one has the right answer. And if you do
wait until tonmorrow, it will be different.

So what we all need to do is just figure out
sone really interesting |l essons |learned and I'I| be
reaching out to a nunber of you for further insights,
and so | look forward to seeing everybody again in
January. And this -- | know you can't hear ne, but |I'm
going to clap, and say thank you very nuch to everybody

who parti ci pat ed.
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STATE OF | DAHO )
SS: REPORTER S CERTI FI CATE
COUNTY OF KOOTENAI )

I, Valerie Nunemacher, a duly certified court
reporter, DO HEREBY CERTI FY:

That | transcribed the foregoing proceedi ngs
froman el ectronic recording of said proceedi ng and t hat
t he above and foregoing transcript is a full, true and
correct record of said proceedings to the best of ny
ability, except where noted "unintelligible" or
"i naudi bl e. "

Dated this 2nd day of October, 2020.
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